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ABSTRACT
A series of five macrocyclic 1,3-diketones has been 
produced and characterized by infrared, nuclear magnetic 
resonance, mass spectroscopy and elemental analysis.
The series consists of compounds of the type
where n = 4,6,758 and 10.
A survey was conducted to determine the ability of 
these ligands to form complexes with twelve different 
metals. The metals used in the study were Be(II), 
Mg(II), Al(III), Cr(III), Mn(II), Fe(III), Co(II), 
Ni(II), Cu(II), Zn(II), Pd(II) and Cd(II). Considerable 
selectivity was observed in the chelation reactions of 
these ligands, where only the ligands having 10, 11 and 
13 carbon atoms formed chelates. Selectivity increased 
with decreasing ring size with the Ci0 ligand forming 
chelates only with Fe(III) and Cu(II). The chelates 
formed were tested for extraction in five different
ix
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
solvents and for volatility in the Berg fractional 
sublimator. The copper chelates were further charac­
terized by infrared and mass spectroscopy as well as 
by elemental and metal analysis.
An attempt was made to prepare a series of macro- 
cyclic bis-1,3-diketones of the type
\/
/ \
where n = 4,6,7,8 and 10 but only the n = 7 and 8 
tetraketones were prepared and these in low yields. 
These two tetraketones were characterized by infrared 
and mass spectroscopy. A comparison was made of the 
volatility of the copper chelates of the 22 carbon 
tetraketone and the 11 carbon diketone.




The properties of the 1,3-diketones and the
corresponding metal chelates have been well documented
1-9by numerous authors. Of these properties the volatil­
ity of the metal chelates is of special interest because 
it can and does provide a convenient means for separating 
some metals. interesting separations
have been effected by fractional sublimation and gas 
chromatography.
The first and the simplest of the 1,3-diketones to 
be studied for the formation of volatile metal chelates 
was acetylacetone (2,4-Pentanedione). The study was 
extended by modifying the substituent groups on the basic
1,3-diketone structure to see what modifications would 
enhance the volatility of the resulting chelates and 
their thermal stability. Major advantages were found 
in two areas of structural modification: (i) the
replacement of methyl groups of acetylacetone with 
highly branched alkyl groups, notably tert-butyl, and 
(ii) the incorporation into the 1,3-diketone of perfluoro- 
alkyl groups adjacent to either or both carbonyl
1
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functionalities. Combinations of these two approaches 
have also been explored.
The most volatile and thermally stable chelates 
have been produced with the perfluoro substituted
1,3-diketones."*■»17-25 Trifluoroacetylacetone (1,1,1- 
trifluoropentane-2,il-dione) and hexafluoroacetylacetone 
(1,1,1,5,5,5-hexafluoropentane-2,4-dione) have been the 
most widely studied and analytically developed of the 
fluorinated 1,3-diketones (See Table I). The increased 
volatility of the fluorinated 1,3-diketones over that 
of the nonfluorinated analogs may be due, in part, to the 
domination of the outer periphery of the complex by the 
charge density of the fluorine atoms. This concentration 
of charge on the outer periphery tends to reduce the van 
der Waals forces and intermolecular hydrogen bonding 
between fluorinated 1,3-diketonates. The increase in 
volatility of fluorinated 1,3-diketonates corresponds 
directly to the degree of fluorine substitution.
The replacement of methyl groups of acetylacetone
with highly branched alkyl groups tends to prevent
chelate hydration and thereby allows anhydrous complexes
to be prepared. Although many alkyl substituted 1,3- 
2 6diketonates have been studied for enhanced volatility, 
only one ligand has shown notable promise, the 
symmetrical dipivaloylmethane (2,2,6,6-tetramethyl-3,5-
heptanedione) (See Table I). This ligand forms volatile 
chelates with the transition elements, ^ 1 actinides,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE I
Some 1,3-Diketones Synthesized To 
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29 "30 31 12lanthanides, * * the alkaline earths and even the
11alkali metals. Some of the rare earth complexes have
13 29been successfully separated by Berg and Sievers.
Sievers reported the synthesis of 1,1,1,2,2,3,3-
34
heptafluoro-7)7-dimethyl-4,6-octanedione. This ligand
utilizes both the branched chain allcyl to prevent the
formation of hydrates and the perfluoroalkyl groups to
reduce intermolecular attractions and has proven useful
in the gas chromatographic separation of the rare 
34earths.
The synthesis of a novel compound, 1-(perfluoro-1- 
bicyclo[2.2.l]heptyl)-4,4,4-triflurobutane-l,3-dione (see 
Table I) was reported by Belcher. The sodium chelate 
of this compound was formed and was found to be remarkably 
stable; however, it was less volatile than the hexa- 
fluroacetylacetone analog.
The work presented in this dissertation is a 
continuation of the search for new 1,3-diketone ligands 
which will produce metal chelates having greater 
volatility and thermal stability than those previously 
studied and which will show some selectivity in the 
chelation reaction. The goal of this study was to 
produce two series of macrocyclic 1,3-diketone ligands





where n = l|,6,7>8, and 10.
Upon chelation the macrocyclic tetraketones may 
form monomeric chelates or polymeric chelates depending 
upon whether the chelated metal ion is positioned inside 
or outside the ring (See Figure 1). The chelated ion of 
the monomeric chelates of the macrocyclic tetraketones 
is surrounded by a hydrocarbon shell which Should 
minimize intermolecular interactions and hydration of the 
chelates.
In general the 1,3-diketones are very non-selective 
in their chelation reactions; however, by varying the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURE 1
Possible Structures of the Macrocyclic 
Tetraketone Metal Chelates
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size of the rings it may he possible to obtain some
selectivity of chelation with these macrocyclic ligands.
Molecular models indicate that the size of the macro-
cyclic-tetraketone ring must be approximately 22 carbon
atoms in order to accommodate a metal ion within the 
35ring. It is also known that the size of the macro- 
cyclic-diketone ring affects the enolization process 
and thereby the chelation process. Thus, selectivity of 
chelation may be realized with both the macrocyclic- 
tetraketones and the macrocyclic-diketones.
A macrocyclic-diketone and a macrocyclic-tetraketone 
which have the same value for n will, for a given metal 
ion, form two chelates which have identical molecular 
weights. Thds is true provided the tetraketone is large 
enough to accommodate the metal ion within the ring, 
thereby forming a monomeric chelate. This being the 
situation it is then possible to evaluate, by comparison 
of the diketonate with the tetraketonate, whether 
factors other than steric effects are important in 
determining the resulting properties of the alkyl 
substituted 1,3-diketonates.
B. MACROCYCLIC-BIS-1,3-DIKETONES
Coombs and Houghton^ were the first to synthetically 
produce macrocyclic-bis-1,3-diketones. They prepared 
macrocyclic tetraketones I and II (Figure 2) in an attempt 
to produce a ligand that would selectively chelate with 
metal ions of a given ionic radius. Because they were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURE 2
First Macrocyclic Tetraketones 
to be Synthesized
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concerned only with selectivity, they utilized aromatic 
groups as a means of constructing rigid molecules. These 
compounds did not exhibit specificity of chelation, and 
no data were given on the volatilities of the chelates.
The synthesis of compounds I and II involved a 
"template” reaction in the cyclization step, in which the
1,3-diketone groups were protected and held in place by 
chelating them with Mg(II) ion. The ring closure was 
effected as follows
by condensing a bis(acid chloride) and magnesium 
chelate of the bis(1,3-diketone) in a solution of 
benzene and diglyme for 14 days at high dilution (26$ 
yield).
34Alberts and CramJ reported the synthesis of 
macrocyclic tetraketones III and IV (Figure 3). Their 
synthesis involved a "template" reaction in the cyclization 
step. Tetraketone III could be produced from the Ca(II) 
but not from the Mg(II) salt, and IV could be generated 
from the Mg(II) but not the Ca(II) salt. These cyclic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURE 3
Macrocyclic Tetraketones Synthesized 
by Alberts and Cram
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1,3-diketones were found to exist completely in the 
enol form.
O O
Tabushi and co-workers reported the synthesis of a 
macrocyclic hexaketone, V, (Figure 4) which has been 
utilized as a specific host of the uranyl ion. They also 
reported the synthesis of the macrocyclic tetraketone,
VI (Figure 4). No chelates of VI were reported. These 
ligands were synthesized from the addition products of 
diacid chlorides to terminal diacetylenes.
Ito and co-workers-̂  reported the synthesis of 
macrocyclic tetraketones with 2 0 , 2 2, 2 6 , and 30 carbon 
atoms and their chelate formation with transition metal 
ions Cu(II), Ni(II), and Co(II). The synthesis is 
presented schematically in Figure 5.
The tetrakis(trimethyIsilyloxy)cycloalkadienes,
VII, are derived from the siiyi-acyloin condensation of 
aliphatic dicarboesters such as diethylnonanedioate and 
diethyldecanedioate. Cyclopropanation of VII with 
diethylzinc and methylene diiodide affords tetrakis(tri- 
methylsilyloxy)tricycloalkanes, VIII, which are 
subsequently treated with Fe(III) chloride in dimethyi- 
formamide to produce the desired macrocyclic tetraketone, 
IX.
c. MACROCYCLIC-1,3-DIKETONES
Several of the cyclic 1,3-diketones have been
40-c>0 tinreported in the literature. J Lick and Schank
developed a three step synthesis, starting from norbor-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURE U
Macrocyclic Hexaketone and Macrocyclic Tetraketone 
Synthesized by Tabushi, Kobuke and Nishiya
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FIGURE 5
Synthetic Procedure Utilized in this Study for 
the Production of Macrocyclic Tetraketones
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nene, of 1,3-cyclopentanedione in 70% overall yield.
in  .Eistert, Haupter and Schank reported the synthesis 
of 1,3-cycloheptanedione. The synthesis of this compound 
was accomplished as follows:
Bf Vr -*3 H 2




Both of these synthetic methods are specific in nature
and could not readily be used in the production of a
series of these compounds.
A seven step synthetic procedure was developed by
42 43Schank and co-workers * and they reported synthesis
of Cg-C12 cyclic ls3-diketones. A four step synthetic
44 4Fprocedure was developed by Hunig and co-workers ’
and they reported synthesis of Cg-C-^ cyclic 133-diketones
by this method. Using the method of Hunig and co-workers
46Kirrman and Wakselman synthesized C^, C12, and 
cyclic 133-diketones. These procedures are more 
general in nature but suffer from being lengthy and 
having rather low yields.
47Stutz and Reinshagen ' reported the synthesis of 
lj3-cyclohexadecanedione. The schematic representation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of this synthesis is as follows:
■++
This synthesis is general in nature and more straight­
forward; however, it is limited to macrocycles of 14 
members or larger because the cyclization step with the 
shorter chain length terminal acetylenes yields higher 
order polymers.
Ito, Fujii, and Saegusa reported the production of
48lj3-cycloheptanedione, 1,3-cyclononanedione and 1,3-
49cyclopentadecanedione. * The synthesis is essentially
the same as that developed for the production of the
macrocyclic tetraketones except for reaction conditions
and the use of the monomeric bis(silyloxy)enediol
derived from the silyl-acyloin condensation instead of
the dimer in the cyclopropanation reaction.
50Piekut and Okamura^ reported the synthesis of 2- 
methylcycloheptane-l,3-dione by Ito and co-workers1 
method with slight modification. In this synthesis the 
bis(silyloxy)enediol was methylcyclopropanated directly. 
Two methods of methylcyclopropanation were explored:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Zn-Cu couple/ether, reflux/40 hr. and diethylzinc/benzene,
reflux/3 hr. The two procedures were equally successful.
The synthetic method developed by Ito and co-workers
was thought to be the most promising for the synthesis
of the desired macrocyclic compounds. The synthetic
procedures utilized in this study for the production of
macrocyclic-tetraketones and macrocyclic-diketones are
presented in Figures 5 and 6 respectively. The synthetic
method utilized for the production of the macrocyclic-
diketones (Figure 6) differs from that developed by Ito
and co-workers in the cyclopropanation reaction. The
cyclopropanation of the bis(silyloxy)enediol was effected
by a modification of the traditional Simmons-Smith 
51reaction instead of by methylene iodide and diethyl-
zinc. The modification of the classical Simmons-Smith
52reaction was developed by J. M. Conia and utilizes a 
Zn-Ag couple instead of a Zn-Cu couple and the hydrolysis 
workup is replaced by the addition of pyridine which 
precipitates the zinc salts.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURE 6
Synthetic Procedure Utilized in this Study for 
the Production of Macrocyclic Tetraketones
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CHAPTER TWO
EXPERIMENTAL
A. REAGENTS AND SOLVENTS
1. Reagents
Adipic acid HOOC-CCH^-COOH
The reagent, supplied by Fisher Scientific 
Company, was used without further purification.
Suberic acid HOOC-(CH2)g-COOH
The reagent, supplied by Matheson, Coleman and 
Bell, was used without further purification.
Azelaic acid HOOC-(CH2)7-COOH
The reagent, supplied by Aldrich, was used without 
further purification.
Sebacic acid HOOC-(CH2)g-COOH
This reagent was supplied by Eastman and was used 
without further purification.
Ethyl Alcohol
This reagent was supplied by U.S. Industrial 
Chemical Company. The reagent quality, absolute pure 
ethyl alcohol was used.
Sodium
Elemental sodium was obtained from Matheson, 
Coleman and Bell. Reagent grade sodium was used without
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
further purification.
Trimethylchlorosilane (TMCS)
Technical and reagent grades, obtained from 
Matheson, Coleman and Bell, were used without further 
purification.
Silver Acetate
The 99-5% powder was obtained from Matheson, 
Coleman and Bell and was used without further purification.
Zinc
Reagent grade grannular zinc (30 mesh) was 
obtained from Matheson, Coleman and Bell and was used as 
received.
Diethyl Zinc
This reagent was obtained from Aldrich as a 25 
wt. % solution in toluene.
Piiodomethane
The reagent, supplied by Matheson, Coleman and 
Bell, was used without further purification.
Ferric Chloride
The anhydrous powder, supplied by Matheson, 
Coleman and Bell, and Aldrich, was used as received.
Metals
All of the metals used for the study of chelates 
and chelate formation were supplied by various vendors as 
the nitrate salts, with the exception of palladium which 
was obtained as the chlorocomplex. These salts were used 
without further purification.




Reagent grade Toluene was supplied by Matheson, 
Coleman and Bell. This solvent was dried over metallic 
sodium and filtered before use.
Diethyl Ether
The anhydrous, reagent grade solvent was supplied 
by Mallinckrodt and Matheson, Coleman and Bell and was 
used as received.
N, N-Dimethylformamide (DMF)
Aldrich supplied the spectrophotometric grade 
solvent which was used without further purification.
Chloroform
Bulk chloroform supplied by Dow Chemical was used 
without further purification.
B. INSTRUMENTS AND MEASUREMENTS
1. Nuclear Magnetic Resonance Spectroscopy
All the spectra provided were recorded on the 
Bruker Spectrospin 200 MHz ET-NMR spectrometer. Sample 
solutions of 10# by volume (approximate) in deuterated 
chloroform were used for all spectra. All the chemical 
shifts are given in delta (6). The spectra are collec­
tively listed in Appendix I, page 68.
2. Infrared Spectroscopy
The infrared spectra shown were recorded with the 
Beckman IR-9 (linear wavenumber) spectrophotometer.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Samples were prepared as thin films or as potassium bromide 
pellets. The spectra are collectively listed in Appendix 
II, page 85,
3. Chelation and Extraction Survey
The chelation survey was conducted using 5.0$
aqueous solutions of the metal nitrates containing 5$
sodium acetate. The one exception was palladium, which
2-was obtained as the chlorocomplex PdCl^ . The ligands 
were used in the form of a 5% solution in ethanol.
A few drops of acetate buffered metal nitrate 
solution were placed in the depression of a spot plate, 
to which a few drops of ligand solution were added. The
reagents were mixed and allowed to stand for 10-15
minutes. The formation of a precipitate indicated
chelation had taken place. The absence of a precipitate
indicated that no neutral chelate species was formed.
Each precipitate was checked for extraction in five 
different solvents using a Carlton pipette.
4. Fractional Sublimation Determinations
Each of the metal chelates produced in the study
was placed in the Fractional Sublimator and checked for
volatility. The apparatus and procedures were those
11 12described by Berg and Hartlage. ’ The experimental 
conditions employed and the sublimation recrystallization 
zone temperatures are given in Table II.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
TABLE II
Fractional Sublimation Data for 
Various Macrocyclic-1,3-Diketone Metal Chelates
Chelate Max. T °C Pressure mm (Hg)
Crystal Zone 
Temperature
C10-Fe(III) 185 1.0 decomposed
C10-Cu(II) 190 1.0 132-118
C11-Fe (III) 170 1.0 decomposed
C1;L-Co(II) 178 1.0 decomposed
C11”NI (II) 183 1.0 decomposed
C11-Cu(II) 198 1.0 130-115
C11-Pd (II) 190 1.0 decomposed
C13-Fe (III) 180 1.0 135-110
C13-Co (II) 183 1.0 135-90
C13-Ni (II) 190 1.0 140-125
C13-Cu (II) 205 1.0 170-130
C13-Zn (II) 195 1.0 100-80
C13-Pd(II ) 187 1.0 decomposed
C13-Mn (II) 177 1.0 decomposed
C13-Mg (II) 191 1.0 decomposed
c13-cd (II) 189 1.0 decomposed
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5. Carbon-Hydrogen Analyses
Carbon-hydrogen analyses were provided by 
Mr. Ralph Seab, Louisiana State University.
6. Mass Spectroscopy
The mass spectra were obtained by Mr. Don 
Patterson of Louisiana State University. The instrument 
used was the Hewlett Packard 5985 GC/MS System.
7. Copper Analysis
The copper chelates were dissolved in chloro­
form and the copper extracted into 10% HjSO^. The acid 
solution then was electrolytically analyzed for copper 
with a Sargent-Slomin analyzer. This instrument allowed 
for the electrodeposition of the copper from the acid 
medium.
C. SYNTHESIS OP THE MACROCYCLIC 1,3-DIKETONES
1. Esterification
The esterification reaction was conducted in the 
same manner in every case. Into a 1000 mL round-bottomed 
flask was placed 100 g of the appropriate acid (adipic, 
suberic, etc.). Then 100 g (127 mL) of absolute ethyl 
alcohol, 250 mL of sodium-dried toluene and 40 g (22 mL) 
of concentrated sulfuric acid were added (the latter 
cautiously) in succession. A reflux condenser was 
attached to the flask and the mixture refluxed gently for 
24 to 48 hours. The reaction mixture was allowed to cool
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and then poured into an excess of water (2-3 volumes).
The toluene layer was separated and washed with saturated 
sodium bicarbonate solution until effervescence ceased, 
then with water. The organic layer was then allowed to 
dry over anhydrous sodium sulfate. Most of the toluene 
was removed on a rotary flash evaporator and the residue 
distilled under reduced pressure to yield the pure diethyl 
ester of the starting acid. In each case the yield was 
greater than 90%.
2. Silyl-Aeyloin Condensation (monomer formation) s 
Into a 2000 mL three necked, round bottomed flask 
equipped with a condenser, high speed stirrer (stir-o-vac) 
and a nitrogen .inlet/addition port was placed 1000 mL of 
sodium dried toluene and 2 g atoms (46 g) of elemental 
sodium. The toluene was brought to reflux (by means of 
a heating mantle) under a gradual flow of dry ^  and the 
stirrer was turned on and operated at a high speed in 
order to form a fine dispersion of molten sodium in the 
refluxing toluene. Carefully, 2.2 moles (280 mL) of tri- 
methylchlorosilane (TMCS) was added by means of a 50 mL 
syringe through the septum equipped side-arm on the Ng 
inlet. The surface of the sodium turned dark after the 
addition of the TMCS. The speed of the stirrer was 
reduced and 0.5 mole of the appropriate ester was added 
dropwise by means of a 50 mL syringe and syringe pump.
The addition of the ester was at a rate of 0.34 mL/min.
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which was controlled by the setting on the syringe pump. 
After the addition of the ester was complete, the mixture 
was allowed to reflux with stirring under an atmosphere of 
nitrogen for 10-12 hours. The heating mantle was turned 
off and the mixture allowed to cool. After cooling to 
room temperature the mixture was maintained under a N2 
atmosphere and allowed to settle with the stirrer off. 
After settling for about 30 min. the mixture was filtered 
through a bed of Celite 545 on a medium porosity fritted 
glass funnel (350 mL) (larger would be better). The 
purple residue was then washed with absolute diethyl ether 
and the washings added to the filtrate. Care should be 
taken in handling the purple residue since it may contain 
unreacted sodium and it should be disposed of in an 
appropriate manner. The solvent was removed from the 
filtrate on a rotary flash evaporator and the residue 
distilled under reduced pressure. The yield of this 
reaction was greatest for the shortest chain length due 
to increased formation of the acyloin dimer. The yields 
obtained, noted by ring size, are as follows: Cg - 96%,
Cg - 94$, Cg -  90%, C10 - 85$, C12 “ 80$. The compounds 
were all colorless liquids and gave the following 
carbon-hydrogen analyses:
ring size molecular formula








14 30 2 2 58.68 10.55 58.53 10.40
59.94 10.73 59.80 10.65
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The nuclear magnetic resonance, infrared and mass spectra 
of these compounds appear in appendices I* II and III 
respectively.
3. Cyclopropanation of the Silyl-Acyloin Monomer"^ J ̂
To a hot (50-60°C) stirred solution of silver 
acetate (200 mg) in acetic acid (250 mL), granular zinc 
(30 mesh, 34 gs 0.52 g atom) was added in one portion.
The mixture was stirred for 30 sec., and the zinc-silver 
couple formed was isolated by decantation and washed 
with ether (5 x 100 mL). Anhydrous ether (250 mL) was 
then poured onto the product. The couple was used directly 
in the cyclopropanation reaction.
To the ethereal suspension of zinc-silver couple, 
methylene iodide (68 g, 0.26 mol) was added dropwise with 
stirring while the mixture was maintained at gentle reflux. 
Stirring was continued without external heating until 
refluxing ceased (approximately 1 hour). The silyl- 
acyloin monomer (0.20 mole) was added dropwise over 15 
minutes, and the mixture was allowed to reflux for 24 
hours. The mixture was then cooled and filtered and the 
residue washed with portions of ether. The washings and 
the filtrate were placed in an 800 mL beaker and stirred 
while 40 mL of pyridine were added dropwise. The
32





61.08 10.89 61.00 11.30
63.09 11.18 63-10 11.22
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resultant precipitate was removed by filtration and washed 
with ether. The filtrate and washings were combined and 
a little pyridine was added dropwise until no more precip­
itate formed. After filtration, the ether was removed on 
a rotary flash evaporator. The residue was checked by 
200 MHz nmr to determine the extent of reaction. If 
reaction had not gone to completion, fresh zinc-silver 
couple was prepared and the reaction run as before. Once 
it had been determined by nuclear magnetic resonance 
spectroscopy that the reaction had gone to completion, or 
nearly so, the residue was distilled under reduced 
pressure. In this manner the final yield of cyclo- 
propanated product was in every instance 80% or better.
The products were all colorless liquids and gave the 
following carbon-hydrogen analyses:
The nuclear magnetic resonance and infrared spectra for 
these compounds appear in appendices I and II respectively.
Under a nitrogen atmosphere 0.2 mole of the 
cyclopropanated product was added dropwise to a stirred
Molecular formula % calculated C H
% found 
C H
-.HoQ0oSi13 28 2 2 57.29 10.36 57.13 10.25
59.94 10.73 59.78 10.61
Cn ,.0oSi16 34 2 2
C, ̂ Hoir0oSin
61.08 10.89 61.00 10.75
°17 36 20i2 
CnrtH„„0„Sio19 40 2 2
62.13 11.04 62.01 10.89
63.98 11.30 63.83 11.21
4. Ferric Chloride Oxidation1*®3̂
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solution of 0.4 mole (64.88 g) of anhydrous Fe(III) 
chloride in 300 mL of DMF at room temperature. The mixture 
was then heated at 60-65°C for 3 hours. The reaction 
mixture was cooled and then poured into 10$ aqueous HC1 
and extracted repeatedly with chloroform. The chloroform 
extracts were combined and washed with 50$ aqueous HC1 
and with water and dried over anhydrous sodium sulfate.
The chloroform solution was filtered and concentrated on a 
rotary flash evaporator. The residue was distilled at 
reduced pressure to furnish the cycloalkane-1,3-dione.
The yields, according to ring size of the resultant 
diketones, were: - 68$; - 75$; C10 - 79$; -
83$; ~ 87$. The C-ĵ  diketone was a crystalline solid
at room temperature and the rest were colorless or lightly 
colored liquids. The following carbon-hydrogen analyses 
have been obtained:
ring size molecular formula * Calculated
C7 C7H10°2 66.65 7-99 65.75 8. 71
C9 C9Hl4°2 70.10 9-15 69.22 9.45
C10 C10H16°2 71.39 9.59 71.13 9. 61
C11 C11H18°2 72. 49 9.95 72.23 10.14
c:n C , 0 a 74.24 10. 54 74.32 10.63
The nuclear magentic resonance, infrared and mass spectra 
for these compounds appear in appendices I, II and III 
respectively.
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5. Metal Chelates of the Macrocyclic Diketones
The manner in which the chelates were formed is 
given on page 27. The copper chelates were characterized 
by infrared and mass spectroscopy (spectra are given in 
appendices II and III respectively) and by carbon-hydrogen 
and copper analyses. The only ligands which formed 
chelates with copper were the and C^q macrocycles.







C10 C20H30°4Cu 60.36 7.60 60.23 7-86
C11 ^22H34®4^u 62. 02 8.04 61.94 8.29
C12 C26H42°4Cu 64.77 8.78 64.36 8.97
Copper Analysis
C10 C20H30Cu 15-96 % 15.94 %
C11 ("'22̂ 34̂ 'u 14.91 % 14.74 %
C13 C26H42°4Cu 13.18 % 13.28 %
D. SYNTHESIS OP THE MACROCYCLIC-BIS-1,3-DIKETONES
1. Esterification
The procedure for the production of the esters 
required is given on page 29.
2. Silyl-Acyloin Condensation (dimer formation)39
Into a 2000 mL three necked, round bottomed 
flask equipped with a condenser, high speed stirrer (stir- 
o-vac) and a nitrogen inlet/addition port was placed
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800 mL of sodium dried toluene and 2 g atoms (46 g) of 
elemental sodium. The toluene was brought to reflux 
under a gradual flow of dry N2 and the stirrer operated at 
a high speed. Once a fine dispersion of sodium had been 
produced the speed of the stirrer was reduced and 2.2 
moles (280 mL) of TMCS was added cautiously by means of a 
50 mL syringe through the side-arm on the N2 inlet equipped 
with a septum. A few milliliters of ester were added 
dropwise by means of a 50 mL syringe and syringe pump.
After the reaction had been initiated the remainder of the
0.5 mole of ester was added at as fast a rate as the 
exothermic nature of the reaction would allow. After the 
addition of the ester was complete the mixture was stirred 
and refluxed overnight under a gradual flow of nitrogen.
The mixture then was allowed to cool to room temperature 
and filtered through a bed of Celite 545 on a medium poros­
ity fritted glass funnel. The residue was washed with 
ether and the washings and filtrate combined (The same pre­
cautions given on page 31 apply to the purple residue 
obtained here). The solvent was stripped on a rotary 
flash evaporator and the residue distilled at reduced 
pressure. The distillation was stopped once the temper­
ature reached 200°C. The distillate was the silyl-acyloin 
dimer. Upon standing a few days the viscous oil solidi­
fied into a crystilline solid. A portion of this material 
was recrystalized from toluene and analyzed. The results
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of these analyses are as follows:
molecular melting pt. * calculated % foundformula yu. c H c H
C30H64°4S14 (lit^64-67°C) 59-911 10' 73 59‘"  10‘59
C32H68°4si4 (lit.^90-90.5°C) ®1-°® 10-89 60.97 10. 89
The nuclear magnetic resonance, infrared and mass spectra
for these compounds appear in appendices I, II and III 
respectively.
3. Cyclopropanation of the Silyl-Acyloin Dimer^
Under a nitrogen atmosphere, 40.2 g (150 mmol) 
of methylene diiodide was added dropwise to a stirring 
mixture of 26 mmol of the silyl-acyloin dimer and 15-7 g 
(130 mmol, 67-6 mL of a 25 wt. % solution in toluene) 
of diethylzinc and 40 mL of sodium dried toluene at room
temperature. The mixture was heated at reflux for 3
hours. The reaction mixture was cooled in an ice water 
bath and then poured into 200 mL of a cold, saturated 
ammonium chloride solution with stirring (The solution 
should be contained in an 800 mL beaker and the reaction 
mixture added slowly since copious foaming occurs). The 
mixture was transferred to a sepratory funnel and extracted 
repeatedly with chloroform. The chloroform extracts were 
back washed with saturated NH^Cl, then with water and 
dried over anhydrous sodium sulfate. The chloroform 
solution was filtered and then concentrated on a rotary 
flash evaporator and the concentrate was distilled under 
reduced pressure. A viscous oil remained in the still pot
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and exhibited an absorption band in its infrared spectrum 
at 3070 cm-1 characteristic of a cyclopropane ring at the 
expense of a band at 1665 cm-1 ascribable to the carbon- 
carbon double bond of the starting material. This viscous 
liquid was subjected to the ferric chloride oxidation 
reaction without further purification.
4. Ferric Chloride Oxidation
The cyclopropanated product (19 mmol) was 
dissolved in a small amount of ether and the solution 
added dropwise to a solution of 76 mmol (12.4 g) of 
anhydrous ferric chloride in 50 mL of DMF at room temper­
ature. The mixture then was heated with stirring at 
60-65°C for 4 hours. The reaction mixture was poured into 
10% HC1 solution and extracted with chloroform. The 
chloroform extract was washed with 50$ HC1 and then with 
water and then dried over anhydrous sodium sulfate. The 
chloroform solution then was filtered and concentrated.
The residue was dissolved in bulk ethanol which had been 
buffered with sodium acetate. The ethanol solution was 
filtered and treated with an excess of cupric nitrate 
solution. The copper chelate of the tetraketone pre­
cipitated and was collected and washed on a medium porosity 
fritted glass funnel. The precipitate was washed 
successively with ethanol, acetone and ether and then was 
dissolved in chloroform and filtered. The chloroform was 
evaporated and a portion of the blue crystalline copper 
chelate was collected for study and analysis. The
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remainder of the copper chelate was dissolved in chloro­
form and treated with 50% HC1. The aqueous layer was 
extracted a few times with chloroform and the chloroform 
extracts washed with water and dried over anhydrous 
sodium sulfate. The chloroform solution was filtered and 
evaporated yielding the pure tetraketone which was 
subsequently analyzed. The results of these analyses are 
as follows:
ring size molecular formula  ̂ Calculated % foundO n  O n
20 C20H 32°2 71,39 9'95 71,28 9,60
22 C22H 36°2 72,49 9,95 72,53 9,77
The results of the analyses of the copper chelates of these
ligands are as follows:
ring size molecular formula * Calculated * .found
0  i l  0  r i
20 C2QH3202Cu 60.36 7.60 59.60 7.47
22 C22H3g02Cu 62.02 8.04 61-73 8.30
The infrared and mass spectra of these compounds appear 
in appendices II and III respectively.






The starting materials for these synthetic 
procedures were the a, m^diacids which were subsequently 
converted to the corresponding a,m-diesters. The diethyl 
esters were used in this study; however, the dimethyl 
esters perform equally well. The diethyl esters have a 
slight advantage over the dimethyl esters in that some of 
the dimethyl esters are crystalline solids at room temper­
ature and the diethyl esters are all liquids and, there­
fore somewhat easier to handle. The esterification 
reactions proceeded smoothly in high yield and no problems 
were encountered with these reactions.
b. Silyl-Acyloin Condensation for Monomer 
Production
The production of the silyl-acyloin monomer 
can best be accomplished under conditions of reasonably 
high dilution. The reason being, of course, that the 
lower the concentration of diester the greater the prob­
ability that one end of the ester will condense with the
40
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other end of the same molecule rather than condensing with
the end of a second molecule of ester to form a dimer or
higher polymer. Because the reaction takes place on the
surface of the sodium, the greater the surface area of the
sodium the greater the probability of reaction and the
higher the reaction rate. For this reason a very high
surface area of sodium is ensured by the production of a
fine dispersion of molten sodium in refluxing toluene
using a high speed stirrer (Stir-o-vac).
The acyloin reaction is exothermic in nature and some
care should be exercised to keep the reaction under
control. The dropwise addition of the ester is one way to
insure that a smooth, controlled reaction occurs.
53Ruhlmann utilized a procedure in which all of the ester
was added to the reaction mixture in one portion but this
procedure has resulted in serious fires as indicated by 
54Bloomfield. There is also the increased chance of dimers 
and higher polymers being formed by this procedure.
There seems to be an "induction" period for the silyl- 
acyloin condensation. What is meant by "induction" period 
is that reaction does not seem to take place with the 
dropwise addition of the ester until 2-3 mL of ester have 
been added. Then, vigorous refluxing occurs simultaneously 
with the appearance of a purple color on the surface of 
the sodium. Once the vigorous refluxing subsides the 
ester may be added dropwise in a continuous manner and 
the reaction proceeds smoothly. The reason for, and the 
nature of this "induction" period are not known.
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Bloomfield indicates that the acyloin condensation 
should not be conducted with trimethylchlorosilane that 
has not been previously distilled, preferably from 
calcium hydride, under nitrogen. Trimethylchlorosilane 
may contain some dimethyldiehlorosilane as an impurity.
The dihalosilane hydrolyzes more readily than does TMCS.
In at least one laboratory the use of this reagent without 
prior purification has been followed by explosions and 
injury to at least two people. The explosions occurred in 
reactions run on larger than a 0.1 mole scale, using un­
distilled TMCS and following the procedure of Ruhlmann.
The problems encountered were most likely due to the 
procedure used rather than the purity of the TMCS. The 
acyloin condensation reactions reported in this work were 
conducted on a 0.5 mole scale with undistilled TMCS with­
out any problems as long as the dropwise addition of the 
ester was observed.
c. Cyclopropanation of the Silyl-Acyloin Monomer 
There have been a number of variations of 
the cyclopropanation reaction developed,"^ all of which 
involve a reactive, yet discriminating, organozinc inter­
mediate. The procedure utilized for the cyclopropanation 
of the silyl-acyloin monomer is a variation of the 
classic Simmons-Smith reaction. This procedure was 
developed by J. M. Conia^2 and it varies from the 
traditional Simmons-Smith reaction in that a zinc-silver 
couple is used instead of a zinc-copper couple. This
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modification of the reaction is not essential in the case 
of the cyclopropanation of silyl ethers. However, the use 
of a zinc-silver couple offers advantages over the use of 
the zinc-copper couple because it is more reactive towards 
diiodomethane, it gives slightly better yields of siloxy- 
cyclopropane, a large excess of the reagent (CH2I2, Zn/Ag) 
is not necessary to complete the reaction and the reaction 
time is- reduced.
The usual workup of the reaction mixture by acid 
hydrolysis is not convenient in the cyclopropanation of 
silyl ethers, because the cyclopropanation products can 
undergo ring opening and any unreacted olefin will be 
destroyed. Therefore the final hydrolysis of the reaction 
mixture was replaced by the addition of an amine, e.g., 
pyridine, to remove zinc salts. The addition of 
pyridine circumvents the problems encountered with hydrolysis 
and allows the reaction mixture to be analyzed by nuclear 
magnetic resonance spectroscopy to determine the extent 
of reaction.
The determination of the extent of reaction was 
done simply by obtaining the nmr spectra of the reaction 
mixture from the Bruker Spectrospin 200 MHz FT-NMR. The 
trimethylsilyl protons of the starting olefin and the 
cyclopropanation product give two singlets with chemical 
shifts differing by 2Hz (0.01 ppm) (see Figure 7). The 
singlet furthest upfield is due to the starting olefin.
A comparison of the intensities of these two singlets 
gives the relative amount of starting material and
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FIGURE 7
200 MHz Nuclear Magnetic Resonance Spectra 
of 1,2-Bis(trimethylsilyloxy)cyclohexene, 
1,6-Bis(trimethylsilyloxy)bicyclo[4.1.0]heptane 
and a Mixture of Both
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product in the reaction mixture. If the reaction has not 
gone far enough towards completion, the cyclopropanation 
reaction can be run again on this partially reacted 
mixture.
The nmr spectra of the cyclopropanation product 
(Figure 7) also exhibits a pair of doublets centered at 
approximately 0.675 ppm. These doublets are due to the 
cyclopropane protons which are not equivalent and are 
coupled to one another.
d. Ferric Chloride Oxidation
The ferric chloride oxidation of the cyclo­
propanation product produced from the cyclopropanation 
reaction on the silyl-acyloin monomer proceeded smoothly 
and in good yield. The best results were obtained when 
the cyclopropanation product was as free of zinc salts 
and zinc-pyridine complex as possible. The zinc salts 
and the zinc-pyridine complex were removed by repeated 
filtration of the cyclopropanation reaction mixture. 
Usually some of the zinc-pyridine complex remained in the 
filtrate and gradually precipitated from solution but as 
long as the amount of zinc in the mixture was low, the 
oxidation reaction proceeded in good yield.
An acid workup of the mixture was necessary to
extract the iron from the reaction mixture. The mixture 
was extracted first with 10$ HC1 (10 mL conc. HC1 diluted
to 100 mL) and then with 50$ by volume concentrated HC1.
The second extraction was required, especially in the case
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of the larger diketones, to extract the iron which was 
most likely complexed by the diketone present in the 
reaction mixture. The larger diketones, especially 




The esterification procedure was discussed 
in section la, page 40.
b. Silyl-Acyloin Condensation for Dimer 
Production
The manner in which the acyloin conden­
sation reaction was run when the dimer was the desired 
product was slightly different from that when the monomer 
was the desired product. The difference was in the manner 
in which the ester was added to the other reactants. The 
ester was added dropwise at as fast a rate as the exo­
thermic nature of the reaction would allow because a 
higher concentration of the ester is desirable for dimer 
formation. The use of a hypodermic syringe and syringe 
pump is most advantageous for this purpose since the rate 
of addition can be very precisely controlled.
Dimer formation was favored also by using less surface 
area of sodium in the reaction. The reaction setup was 
modified to use magnetic stirring instead of a high speed 
stirrer. The sodium was in the form of spheres 1 /  z" to 
1/ i 6 u in diameter and the ester was added to the reaction
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mixture, at room temperature, in one portion. The 
reaction mixture then was heated to reflux while being 
stirred magnetically. This approach gave the silyl- 
acyloin acids in high yield. However, this approach did 
not work when short chain (Cg and Cj ) esters were involved 
because the reaction becomes uncontrollably exothermic.
c. Cyclopropanation of the Silyl-Acyloin Dimer 
The cyclopropanation of the silyl-acyloin 
dimer was conducted using diethylzinc and methlyene iodide 
rather than the more traditional zinc-copper or zinc- 
silver couple and methylene iodide. Since diethylzinc 
is pyrophoric the reaction vessel must be freed of oxygen 
and moisture and maintained under an inert atmosphere of 
nitrogen. The silyl-acyloin dimer, diethylzinc, and 
solvent are stirred under nitrogen, and methylene iodide 
is added dropwise, producing a mildly exothermic reaction. 
The addition of diethylzinc to a mixture of unsaturated 
compound and methylene iodide should be avoided since the 
reaction sometimes occurs explosively.
Diethylcadmium can be used in place of diethylzinc 
in this method. The cadmium methylene-transfer reagent 
behaves very similarly to the corresponding zinc reagent. 
Thus far, no synthetic advantages have been demonstrated 
using this variation.
The workup procedure calls for the addition of the 
reaction mixture to a large volume of saturated aqueous 
ammonium chloride solution. This serves to destroy any 
unreacted diethylzinc which remains in the reaction
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mixture. This process brings about the formation of zinc 
oxide which is rather insoluble and causes the formation 
of an emulsion. Under more acidic conditions the zinc 
oxide is soluble and an emulsion is not formed; 
however, the cyclopropanation product undergoes ring 
opening when the acidity of the solution becomes too 
great and renders this remedy impractical. It is possible, 
with difficulty to extract the emulsion with chloroform 
and recover the cyclopropanation product in this 
manner. Another drawback to the workup procedure is 
that any unreacted olefin is hydrolyzed and possibly 
some of the cyclopropanation product is destroyed as 
well.
d. Ferric Chloride Oxidation of the Dimeric 
Cyclopropanation Product
The ferric chloride oxidation of the cyclo- 
propanated dimer was conducted in the same manner as 
that of the cyclopropanated monomer which was discussed 
previously. The only difference observed for the dimer 
was that on a number of occasions the ferric chloride 
reaction resulted in the formation of a polymer and no 
ketone could be isolated. This was very possibly due to 
the formation of coordination complexes from siloxycyclo- 
propanes and the organozinc intermediate of the cyclo- 
proponation reaction, which can be somewhat difficult to 
hydrolyze and, when present only in traces, may cause
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polymerization. The polymers proved to be insoluble in 
any of the common organic solvents or concentrated HC1 
and were not characterized.
The acid workup of the reaction mixture containing 
the tetraketones was done in the same manner as that of 
the reaction mixtures containing diketones. The removal 
of iron from the chloroform extract was incomplete even 
with 50$ (50 mL concentrated HC1 diluted to 100 mL) HC1 
treatment.
B. THE CHELATES OP THE MACROCYCLIC-1,3-DIKETONES
1. Trends in Chelation
A survey of the chelating abilities of the
1.3-diketones, produced in this study, was conducted and 
the results of this survey are given in Table III. Only 
the chelation results for the C-^ and macroeyclic
1.3-diketones are given in Table III, because the C^ and 
Cg macrocycles did not form chelates with any of the 
metals studied. Obviously the larger the macrocycle the 
less specific it becomes with respect to chelation.
The extractibilities of the chelates formed in this 
study were determined for five solvents of various 
polarity. The solvents were methylisopropyl ketone 
(3-methyl-2-butanone) (MIK), chloroform (Chi), benzene 
(Bz), diethyl ether (DEE), and tri-n-butyl phosphate 
(TBP). The results of this survey appear in Table IV.
The chelates seemed to extract into each of these
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TABLE III
Chelation Survey of The Macrocyclic-1,3-Diketones 
With Various Common Metal Ions
Macrocyclic-1,3-Diketones Surveyed
Metal
Ion °7 C9 oi—i
o
C11 C13
Be(II) NR NR NR NR NR
Mg (II) NR NR NR NR white ppt
Al(III) NR NR NR NR NR
Cr(III) NR NR NR NR NR
Mn(II) NR NR NR NR white ppt
Fe(III) NR NR red ppt red ppt red ppt
Co(II) NR NR NR pink ppt pink ppt
Ni(II) NR NR NR green ppt green ppt
Cu(II) NR NR blue ppt blue ppt blue ppt
Zn(II) NR NR NR NR white ppt
Pd(II) NR NR NR NR yellow ppt
Cd(II) NR NR NR NR white ppt
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TABLE IV
Extraction Survey of The 
Macrocyclic-1,3-Diketone Chelates Prepared in This Study
Chelate MIK Chi Bz DEE TBP
cio-Pe 0 + 0 0 +
Cio-Cu 0 + 0 0 +
Cn-Fe 0 + 0 0 +
Cll"Co + + + + +
C H - N i + + + + +
C^-Cu 0 + 0 0 +
Cn-Pd + + + + +
C13-Mg + + + + +
C13-Mn + + + + +
C13_Fe 0 + 0 0 +
C13-Co + + + + +
Ci3-Ni + + + + +
C13-Cu 0 + 0 0 +
C13-Zn + + + + +
C13'Pd + + + + +
C13-Cd + + + + +
Legend: + = chelate dissolved in extractant
0 = chelate extracted but some undissolved 
chelate remained in extractant 
MIK = Methylisopropyl ketone 
Chi = Chloroform 
Bz = Benzene 
DEE = Diethyl Ether 
TBP = Tri-n-Butyl Phosphate
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solvents with the best extraction taking place with 
chloroform and tri-n-butyl phosphate.
It was not surprising to find that the seven member 
cyclic ketone did not chelate with any of the metals 
since trans enolization is disallowed in rings with less 
than eight members. It was somewhat surprising to find 
that the nine member ketone did not form chelates with 
any of the metals. The lack of chelation in these 
smaller cyclic ketones is thought to be due to a lack of 
enolization at all rather than the wrong orientation,
9
i.e., cis vs. trans enolization.
2. Degree of Enolization of the Macrocyclic-1,3- 
Diketones
The degree of enolization of the macrocyclic-1, 
3-diketones in CDCl^ at 300°K was established by 
consideration of the 200 MHz proton nmr spectra of these 
compounds under the conditions given. Table V gives the 
results of this analysis. The relative amount of keto 
form to enol form was derived by taking the height of the 
keto peak and two times the height of the enol peak (these
cis trans
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
peaks are due to the protons on the carbon positioned 
between the oxygen bearing carbons) respectively and 
dividing by the sum of the keto peak height and two times
the enol peak height. The relative amounts of keto and
enol forms of acetylacetone under the same conditions are 
provided in Table V for comparison. The effect of ring 
size on the degree of enolization is obvious and this 
lack of enolization in the smaller ringed compounds is 
probably the reason for the greater selectivity in 
chelation and eventual lack of chelation as the ring 
size decreases.
The effect of ring size is also present in the
chemical shifts of the keto and enol peaks of the macro­
cyclic-1, 3-diketones. These chemical shifts are listed 
along with those of acetylacetone in Table VI. As the 
strain in the compound increases the absorptions of the 
keto and enol protons both move upfield.
3. Volatility Characteristics of the Chelates
The thermal stability of the chelates is in the 
general order cio<Cll<C135 the copper chelates
being the most thermally stable of the metals studied.
In most cases only decomposition occurred and in the other 
instances sublimation was accompanied by decompositon of 
varying degrees. The twenty and twenty-two carbon tetra- 
ketone copper chelates proved to be less volatile than the 
corresponding ten and eleven carbon diketone copper 
chelates. This is illustrated in Figure 8 which is the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE V
Degree Of Enolization Of The Macroeyclic-1,3-Diketones







Acetyl Acetone 0.3 2.2 6.38 93-62
C13 4.9 7.1 25-65 74.35
i—1H
O 24.9 1.2 91. 21 8.79
°10 ---- --- 100.00 0. 00
°9 ---- --- 100.00 0. 00
C7 ---- --- 100.00 0.00
a. These peaks are due to the protons on the carbon 
positioned between the oxygen bearing carbons.
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TABLE VI















a. These protons are those on the carbon 
positioned between the oxygen bearing 
carbons.
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FIGURE 8
Total Ion Spectra of C^-Diketone Copper 
Chelate and C22-Tetraketone Copper Chelate
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total ion spectra vs. time of the copper chelates of 
the eleven carbon diketone and the twenty-two carbon 
tetraketone. The largest peaks in both cases yielded 
appropriate mass spectra. The probe was temperature 
programed to start at 30°C and increase at a rate of 
30°C/minute. The maxima of the largest peaks coincide 
with probe temperatures of 105°C and 265°C respectively. 
The apparent difference in volatility of these two copper 
chelates is rather surprising. The two chelates have 
identical molecular weights and the type of bonding is 
the same for both. It was thought that the tetraketone 
chelate would exhibit some enhancement of volatility and 
thermal stability over that of the corresponding diketone 
chelate since only one molecule of ligand is involved in 
the former case as opposed to two molecules of ligand in 
the latter case. However, this presupposes that the 
cavity of the tetraketone is large enough to accommodate 
the metal ion without strain and this assumption is based 
on molecular model studies which may or may not be 
accurate. As Figure 1 illustrates, the tetraketones may 
form monomeric chelates or they may form dimers or 
long chain polymers. Either of the latter two cases would 
certainly be expected to have much lower volatility than 
the corresponding diketone chelate. The mass spectrum 
(Appendix III) of the tetraketone chelates is that 
expected for the monomeric chelate. This may be due 
to decomposition of the polymer in the probe or the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
monomeric chelate may have been the product all along. 
At this time not enough information is available to 
permit a definite conclusion to be drawn.
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CHAPTER FOUR
CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK 
Five macrocyclic-1,3-diketones were synthesized and 
characterized. The size of the ring plays an important 
role in both the ability of the ligand to chelate metals 
and the volatility and thermal stability of the resulting 
chelate. Only the ten, eleven.and thirteen carbon 
diketones formed chelates with the trend in selectivity 
being C ^  C^> C ^ . The selectivity of the chelation 
reaction of the ten carbon diketone may prove to be 
useful in the analysis of copper and iron. The volatility 
and thermal stability of the macrocyclic-1,3-diketonates 
increases with increasing size of the ligand, C.£q<C^<C^2* 
This being the -case, it would be very interesting to have 
the volatility and thermal stability data for even 
larger macrocyclic-1,3-diketone chelates. Currently an 
effort is being made within this research group to produce 
the and C-̂ g macrocyclic-1,3-diketones. If the 
chelates of the larger macrocyclic-1,3-diketones prove 
to be sufficiently volatile and thermally stable, 
separations and analyses of the metals may be possible 
by fractional sublimation and gas chromatography.
Studies are presently being conducted in this group
61
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to determine the effect of ring size of the macrocyclic 
diketones and tetraketones on the chelate bonds by single 
crystal X-ray diffraction. The information these studies 
provide will make it possible to establish the nature of 
the chelate bonds with respect to ring size and whether 
a monomeric or polymeric chelate is formed with the 
tetraketones.
Samples of the macrocyclic-1,3-diketones produced 
in this study have been given to Professor R. V. Nauman. 
Professor Nauman's group is presently conducting studies 
of the electronic spectra of the macrocyclic diketones in 
order to establish the conformation of the carbonyl 
functionalities in both the excited and ground states.
The properties of the macrocyclic-1,3-diketone 
chelates other than volatility and thermal stability 
were neglected in this study, but may prove to have a 
great deal of analytical significance. The fact that 
the chelates are soluble in many of the common organic 
solvents may lead to their use in separating metals by 
liquid chromatography and counter current extraction 
of the chelates.
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Mass Spectra No. 1
1,2-Bis(trimethylsilyloxy)cyclohexene
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m & * za n H 6888 ♦ 8 ♦ 9 ♦ 14 - 111 *135 -156
m ss FOUND mss FOUND m ss A8UND m ss FOUND
16 .7 72 4 .6 185 3 .3 148 3 .4
17 2 .9 73 87 .2 186 .6 141 3 .8
18 5 .3 74 8 .2 189 2 .2 142 27 .575 17.2 118 .6 143 5.1
28 1 .4 ill 1.7 144 2 .4
29 1.5 76 2 .8 112 .9 145 .7
32 .5 77 3 .5 113 1.179 3 .4 115 3.2 146 1.8
41 1.5 81 3 .6 117 2.9 147 188.8
43 3.1 82 1.4 148 21 .8
45 13.8 83 1 .7 119 2 .2 149 24.1
47 .6 85 2 .4 121 .6 158 3.189 .6 123 .6 151 3 .5
53 .6 124 .7 152 1.3
55 2 .8 91 .8 125 3.7 153 3 .3
56 .2 92 1.8 12? 3.6 155 2 .8
57 1.3 93 2 .9 128 1.5 156 2 .8
58 .6 94 .7 129 7.9 157 3.3
59 3 .5 95 3 .2 138 1.1
96 2 .2 131 5.5 165 .6
65 2 .3 97 1.9 167 3 .8
66 .8 98 1 .3 132 2.5 168 12.5
67 3.1 99 3 .2 133 14.8 169 15.9
68 2 .3 181 1.9 134 1.9 178 9 .769 .5 183 1.9 135 2.6 171 6 .478 2 .8 137 2.8
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Mass Spectra No. 2 
1,2-Bis(trimethylsilyloxy)cyclooctene
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£PHusl*14 SPECTRUH 11 RET* T,BE * *3
IMSS ABUND
35 .137 .138 .839 .848 .241 1.142 .7
43 3.844 2.6
45 13.648 1.147 1.5




55 2.156 .457 1.158 1.359 3.4
68 .761 1.5
NASS ABUND IMSS ABUND IMSS ABUH9
62 .1 88 .3 113 1.263 .1 89 .6 114 .564 .1 115 1.365 .8 98 .1 116 1.166 .5 91 1.3 117 2.367 1.8 92 .468 .6 93 .8 118 .469 .8 94 .3 119 .778 .8 95 5.5 128 .271 1.1 96 .7 121 .372 4.6 97 .8 122 .173 188.8 98 .4 123 .374 8.8 99 2.7 124 .175 14.2 188 .6 125 .7101 2.2 126 .376 1.5 182 .4 127 1.777 3.5 183 2.3 128 .978 .8 129 14.379 2.4 184 .5 138 2.888 .8 185 1.7 131 3.781 4.1 186 1.182 .4 187 .8 132 1.883 1.5 188 .3 133 6.784 .5 189 1.2 134 1.885 3.8 118 .2 135 .686 .5 111 1.3 136 .287 .8 112 .4 137 .3<COHT>
£F8usl®14 SPECTRUW 11 RET- TI"E « .3
IMSS ABUND NASS ABUNB m ss ABUND m ss ABUND
138 .2 164 .1 189 .3 216 .3
139 .7 165 .5 198 .1 217 6.7
148 .6 166 .2 191 3 .7 218 4.1
141 1.4 167 4 .1 192 .7 219 1.4
142 3 .4 168 9 .4 193 .5 228 .4
143 4 .9 169 7 .9 194 .1 221 .4
144 1 .3 178 4 .4 195 2.1 222 .1
145 .6 171 7 .4 196 5 .6 223 .1
172 1 .2 197 2 .8 224 .8
147 35.3 173 1.3 198 1.6 225 .8
148 7 .7 199 .6 227 .2
149 5 .8 174 .2 288 .2 228 .1
158 .6 175 .2 281 .2 229 1.6
151 1.8 176 .1
152 .3 177 .5 282 .1 238 1.1
153 2 .8 178 .1 283 .4 231 1.7
154 1.3 179 .2 284 3 .8 232 1.3
155 13.8 188 .1 285 .6 233 .4
156 5.5 181 4 .3 286 .3 234 .1
157 1.9 182 .7 207 .6 235 .8
158 .3 183 3 .4 288 .1 241 .1
159 .2 184 .6 289 .1 242 .1
185 1 .8 211 .1 243 4.3
168 .1 186 .2 212 .1161 .1 187 .2 213 .4 244 1.4
162 .8 214 .1 245 .5
163 .3 188 .1 215 1.2 246 .1<CONT>
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FRH 6014 SPECTRUM 11 RET. TIKE ■
m s s RiUNS IMSS RBUHX)
247 .1 284 .1249 .0 285 1.1251 .1255 .1 286 25.2256 .1 287 8.1257 4.0 288 2.8289 .5
258 l.l 298 .1259 .8 291 .1268 .1 292 .8
261 .1 295 .8267 .1268 .1 303 .1269 .1 304 .8270 .1271 4.8 316 .1317 .8
272 1.2 >PAUSE273 .6274 .1275 .3276 .1277 .1278 .0281 .1282 .0
283 .0
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Mass Spectra No. 3
1,2-Bis (trimethylsllyloxy)cyclononene
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1 2 0
fPBust815 SPECTRUH 5 RET* T1HE • *2
m ss ABUND m s s ABUND mss ABUND HASS ABUND
35 .1 62 .1 89 1.4 114 1.538 .1 63 .5 115 3.439 1.1 65 .9 98 .2 116 2.848 .4 66 .5 91 4.2 117 4.341 3.7 67 4.6 92 4.942 1.9 68 2.7 93 4.3 118 .743 3.5 69 12.4 94 6.7 119 2.244 .9 78 3.8 95 5.8 128 4.445 6.8 71 1.7 96 6.6 121 3.846 .4 72 3.5 97 16.3 122 1.147 1.8 73 188.8 98 9.6 123 1.674 25.7 99 3.6 124 14.3
48 .2 75 16.1 188 1.4 125 11.849 .1 181 18.6 126 1.3
58 .1 76 1.7 182 1.2 127 1.951 .1 77 2.8 183 3.9 128 3.8
52 .2 78 1.8 129 37.853 1.2 79 5.9 184 .9 138 7.754 1.8 88 2.9 185 3.7 131 4.155 11.3 81 7.3 186 1.856 1.9 82 4.5 18 7 2.7 132 1.257 2.8 83 19.8 188 1.3 133 6.358 .9 84 11.5 189 2.3 2.259 6.9 85 4.9 118 3.8 135 3.568 2.4 86 .7 111 22.4 136 1.1
61 1.7 87 7.4 112 3.8 137 3.488 7.1 113 4.8 138 1.3<C0NT>
5 W u s P 15 SPECTRUH 5 RET. TINE « .2
mss ABUND m s s ABUND mss ABUND HASS ABUND
139 1.6 164 .1 189 .4 215 .7148 1.1 165 .5 198 .1141 3.8 166 .6 191 2.9 216 .2142 15.2 167 7.5 192 .6 217 2.6143 16.5 168 6.1 193 .4 218 2.5144 4.8 169 14.8 194 .1 219 .9145 1.2 178 5.1 195 4.8 228 .3171 3.3 196 .9 221 .3146 .5 172 1.7 197 2.8 222 .1147 25.1 173 .9 198 2.2 223 .2148 6.5 199 16.3 224 .1149 7.8 174 .2 288 1.9 225 .2158 1.8 175 .2 281 .9 226 .1151 2.5 176 .4 227 .6152 51.2 177 1.1 282 .3 228 .1153 18.7 178 .2 283 .7 229 1.1154 2.5 179 .3 284 3.4155 17.5 188 .3 285 .8 238 .5156 9.8 181 7.3 286 .3 231 1.1157 14.3 182 5.8 287 .4 232 .3158 1.5 183 7.6 288 .2 233 .1159 .6 184 5.2 289 5.3 237 .1185 16.6 218 5.8 238 .1168 .5 186 1.8 211 2.7 239 .1161 .1 187 .6 212 1 .3 248 .8162 .1 213 1.2 241 «• A163 .3 188 .4 214 .3 242 .1<CONT>
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FRH 6015 SPECTRUfl 5 RET. TIME « .2
W»SS A1UNS
243 2.6
244 .8245 .4246 .1247 .0251 .1
255 .1256 .1257 1.4
258 .3259 .6268 .2261 .8
267 .1
269 .8271 .4
272 .3273 .5274 .1
275 .1276 .8277 .8
281 .1282 .8
m ss A1UH9
283 .1284 .1285 1.9
286 .6287 .5288 .2289 .1299 .5
388 11.9381 3.1382 1.1383 .3384 .8313 .2
314 .6315 .2316 .1317 .1>PAUSE
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Mass Spectra No. 4
1,2-Bis(trimethylsilyloxy)cyclodecene




Twr'wir "SFRTROH f TKTnmwrrnc .rLftftCST 4: 73.1,108.0 129.1, 49.• 147.1, 36.9 213.1, 35.1
LAST 4t 341.2, .3 342.3 , 3.6 343.2, 1.3 344.2, .4
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SIBust016 SPECTRW1 * RET. TIHE « .2
HASS ABUND HASS ABUND HASS ABUND HASS ABUND
39 1.0 70 10.1 95 7.3 120 2.271 2.7 96 5.6 121 9.64e .4 72 3.7 97 28.3 122 1.341 4.4 73 100.0 98 20.3 123 1.342 1.8 74 9.1 99 4.0 124 5.943 3.5 75 15.8 108 1.0 125 30.144 1.3 101 16.5 126 2.945 7.3 76 1.6 102 2.4 127 2.146 .5 77 2.2 103 5.5 128 2.647 .9 78 .7 129 40.079 5.0 104 1.3 130 6.952 .2 80 2.8 105 3.3 131 5.553 1.1 81 10.7 106 2.154 1.2 82 2.9 107 3.6 132 2.055 10.9 83 15.1 108 3.3 133 10.856 2.5 84 13.5 109 3.2 134 4.557 2.6 85 5.0 110 3.7 135 5.958 .9 86 .8 111 5.6 136 1.759 3.1 87 2.9 112 3.7 137 3.360 5.0 88 18.7 113 2.5 138 18.961 3.7 89 2.6 114 1.1 139 11.1115 4.5 140 1.865 .7 90 .3 116 3.0 141 2.366 .5 91 3.5 117 4.8 142 15.767 6.3 92 2.7 143 8.368 2.6 93 7.5 118 .8 144 2.869 14.3 94 2.5 119 3.8 145 1.5<C0NT>
RET. TIHE .2
noss ABUND HASS ABUND HASS ABUND HASS ABUND
146 .7 172 3.2 198 1.1 223 3.0147 36.9 173 1.8 199 2.6 224 1.4148 11.7 200 .6 225 1.1149 12.7 174 .4 201 1.7 226 .7150 1.8 175 .3 227 3.5151 1.5 176 .4 202 .7 228 .9152 2.0 177 1.1 203 .8 229 1.3153 2.6 178 .4 204 .7154 1.2 179 .5 205 .4 230 1.7155 14.6 180 .4 206 .2 231 1.7156 6.0 181 4.6 207 .8 232 .6157 5.2 182 2.1 208 .2 233 .2158 3.5 183 15.1 209 1.5 237 .2159 .9 184 6.9 218 .5 239 .3185 4.7 211 1.4 240 .2160 .5 186 2.8 212 3.2 241 1.0161 .3 187 .7 213 35.1 242 .4162 .2 214 4.8 243 2.8163 .6 188 .2 215 2.7164 .2 189 .3 244 1.0165 1.2 191 4.2 216 .7 245 .4166 13.0 192 .9 217 2.7 251 .2167 5.9 193 1.8 218 3.8 253 .2168 3.3 194 .9 219 1.0 255 .3169 14.7 195 4.4 220 .3 256 .2170 6.4 196 5.4 221 .8 257 1.9171 23.2 197 4.2 222 .4
<CONT>
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FRH 6816 SPECTRUH 6 RET. TIHE « .2
HASS ABUHD HASS ABUHfi
258 .5 328 2.8259 .5 329 .6270 .2 338 .2271 .6 331 .2 341 .3
272 .2273 .6 342 3.6281 .3 343 1.3285 .3 344 .4>PflUSE
286 .2287 .9288 .3295 .3299 2.6
388 .8381 .4383 .2313 .8
314 11.6315 4.3316 1.7
317 .3327 .5
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Mass Spectra No. 5 
19 2-Bis(trircethylsilyoxy)cyclododecene





PCS CTTFLORCST 41 
LRST 4t
SPECTRufi i l  
73.1,188.8 342.3, S4.S344.3, 8.1 345.3, 1.4
TFETEHTnfiTTTfir147.1, 41.7 
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SPBust*12 mcTRU" 12 ***• T1"E • -3
HASS A1UND NASS ABUND NASS ABUNB m s s ABUND
51 .0 76 1.4 102 .4 127 1.452 .1 77 1.9 103 1.8 128 .953 .5 78 .4 129 16.754 .4 79 2.2 104 .4 130 5.055 2.5 80 1.3 105 2.0 131 6.156 .7 81 9.0 106 .557 1.0 82 1.5 107 1.4 132 2.058 .6 83 2.0 108 .7 133 12.959 1.4 84 1.2 109 1.9 134 2.160 .5 85 2.5 110 .5 135 1.761 .7 86 .3 111 1.9 136 .787 .5 112 1.0 137 .762 .0 88 .3 113 1.1 138 .363 .1 89 .6 114 .5 139 .864 .1 115 1.5 140 .665 .6 90 .1 116 1.3 141 1.966 .4 91 1.8 117 5.2 142 7.867 4.1 92 .7 143 10.068 1.0 93 2.9 118 .7 144 2.669 2.8 94 1.2 119 1.7 145 2.370 1.0 95 6.4 120 .771 1.3 96 1.3 121 2.0 146 .872 4.4 97 1.8 122 .5 147 41.773 100.0 98 1.8 123 .4 148 9.774 8.2 99 1.2 124 .4 149 9.675 11.7 100 .4 125 1.3 150 1.1101 1.8 126 .5 151 1.1<COHT>
U k & l Z  3PECTRUH 12 RET. TIHE ■ .3
NASS ABUND






















mss ABUND NASS ABUND NASS ABUND
177 .7 202 .3 228 .3178 .2 203 .9 229 2.8179 .3 204 .7180 .1 205 .9 230 2.4181 2.8 206 .2 231 4.4182 1.2 207 .5 232 1.5183 11.4 208 .2 233 .4184 2.6 209 1.9 234 .1185 1.3 210 .5 235 .1186 .3 211 4.2 237 1.1187 .4 212 .8 238 .2213 1.1 239 2.0188 .1 214 .3 240 .6189 .4 215 2.4 241 .7190 .1 242 .4191 1.8 216 .5 243 7.9192 .4 217 6.8193 .4 218 8.0 244 2.6194 .2 219 2.5 245 1.0195 2.2 220 .7 246 .2196 1.3 221 .6 247 .1197 6.7 222 .2 249 .1198 1.4 223 1.4 250 .1199 1.2 224 .6 251 .5200 .2 225 1.3 252 .3201 .9 226 .3 253 .9227 1.3 254 1.2< CONi>
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FRN 6012 SPECTRUM 12 RET. TIHE * .3
MASS ABUND
255 .9256 .3257 3.1
258 .9259 .6
268 .1261 .1
263 .1265 .1267 .2268 .2269 1.8278 .4271 .8
272 .2
273 .2274 .1278 .8
279 .8281 .8283 .1284 .8285 .4
286 .1
MASS ABUNB
287 .5288 .1289 .8295 .8299 .5
388 .1381 .1389 .8313 .3
314 .2315 .3316 .1323 .8325 .1326 .1327 9.1
328 3.8329 1.3338 .3331 .1348 .1341 1.5
342 54.5
NASS ABUNB
343 21.7344 8.1345 1.4
346 .234? .8
>PRUSE
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1 3 0
Mass Spectra No. 6 
1310-Bis(trimethylsilyloxy)bicyclo[8.1.0]undecane
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1 3 2
SWust**4 srecTWW 7 BET. TIHE * .3
NASS ABUNB NASS ABUNB NASS ABUNB HASS
33 1.2 63 1.0 98 .6 11637 1.0 64 •0 91 13.4 11738 .8 65 6.6 92 4.239 7.1 66 2.4 93 16.1 11848 7.1 67 18.0 94 4.1 11941 22.8 68 6.4 95 13.2 12042 7.4 69 20.3 96 7.8 12143 36.9 78 7.7 97 9.7 12244 6.3 71 9.7 98 7.2 123
45 18.3 72 3.6 99 2.8 12446 .6 73 100.0 180 1.1 12547 2.7 74 9.0 181 5.7 12675 16.9 182 1.8 127
49 .7 103 2.9 1285B .7 76 3.8 129
51 1.9 77 11.5 184 2.1 13052 .9 78 2.8 185 18.9 13153 5.0 79 13.7 186 2.554 2.8 80 4.9 187 7.8 13255 15.6 81 23.6 108 3.9 13356 6.2 82 9.3 109 18.9 13457 12.9 83 10.9 118 3.5 13558 12.0 84 7.2 111 7.8 13659 7.7 85 9.8 112 3.9 13768 .7 86 1.0 113 2.9 138
61 1.8 87 .7 114 .6 13989 1.9 115 5.6 140
<CONT>
£1^.-6004 SPECTRUM 7 RET. TIHE « .3
HASS ABUNB NASS ABUNB NASS ABUNB HASS
141 7.0 166 1.4 191 4.8 216142 4.0 167 4.6 192 2.7 217143 14.2 168 2.7 193 2.3 218144 6.2 169 15.9 194 .9 219145 4.7 170 6.0 195 3.5 220171 4.1 196 1.9 221146 1.7 172 1.5 197 21.3 222147 17.1 173 1.4 198 3.5 223148 4.9 174 199 5.2 224149 23.0 .6 208 1.8 225150 3.6 175 2.8 201 .S 226151 3.8 176 3.8 227
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FRH 6884 SPECTRUM 7 RET. TIHE ■ .:
IMSS 8BUH8 IMSS 8BUN8 IMSS
244 .6 279 .5 356245 .6 281 3.3245 .4 282 3.4 399247 .6 283 1.7 >PMJ:248 .4 284 .5249 .8 285 .4258 .7251 .7 295 1.3252 .6 296 2.6253 3.5 297 .6254 .8 299 .4255 .6257 .9 313 .8
258 .8 314 .5259 .4 325 1.3268 .5 327 2.4261 .4263 .4 328 1.6264 .6 329 .7265 .6 341 2.5267 4.3268 3.8 342 3.2269 .9 343 1.3271 .6 344 .6354 1.2




Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
134
Mass Spectra No. 7 
1jl2-Bis(trimethylsilyoxy)bicyclo[10.1.0]tridecane
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rPBusi®83 spectruh 3 ret* t,re * *2
IMSS ABUND IMSS ABUND IMSS ABUND HASS A1UND
39 1.6 69 10.1 94 2.1 119 2.040 .9 70 4.2 95 10.3 120 1.041 9.5 71 3.3 96 3.8 121 4.942 2.5 72 4.7 97 7.1 122 1.743 5.1 73 100.0 98 4.5 123 1.744 1.4 74 9.6 99 2.3 124 1 .4
45 6.8 75 22.2 100 .8 125 2.546 .5 76 101 2.0 126 .747 1.4 2.4 102 .3 127 1.877 3.8 103 2.2 128 2.0
48 .6 78 .8 129 12.649 .3 79 6.4 104 .7 130 37.5
52 .2 80 2.2 105 3.6 131 7.453 1.8 81 14.4 106 .654 1.3 82 3.3 107 3.3 132 2.855 9.8 83 11.8 108 1.7 133 4.256 3.5 84 3.8 109 5.1 134 1.257 4.1 85 8.3 110 1.9 135 3.4
58 1.1 86 .9 111 3.0 136 1.959 2.1 87 1.6 112 2.0 137 1 .468 .5 88 .4 113 2.0 138 1.061 1.3 89 .7 114 .7 139 1.6115 2.4 140 .9
65 1.8 98 .2 116 1.0 141 5.766 .8 91 3.6 117 2.5 142 2.267 8.9 92 1.2 143 18.6
68 2.9 93 6.2 118 .8 144 13.2<COHT>
5P8us!ee3 SPECTRW1 3 RET. TIHE ■ .2
HASS ABUND HASS ABUND HRSS ABUND HASS ABUND
145 4.1 170 4.9 196 1 .4 222 .4171 6.6 197 16.7 223 1.1
146 1.0 172 3.5 198 3.4 224 .5147 9.3 173 1.2 199 5.4 225 4.0148 2.7 174 200 2.0 226 1 .0149 5.7 .3 201 1.0 227 1 .2150 1.0 175 .6 228 .3151 1.3 176 .5 202 .2 229 .3152 .8 177 1.9 203 .4
153 1.7 178 .4 204 .4 231 .4154 .9 179 .6 205 .8 232 .2155 8.2 180 .3 206 .2 233 .3156 5.2 181 1.4 207 .9 234 .2157 9.3 182 1.2 208 .3 235 .2158 3.7 183 10.2 209 1.2 236 .2
159 1.3 184 2.9 210 .7 237 .8185 6.2 211 7.7 238 .5
160 .5 186 3.3 212 1.4 239 4.4161 .7 187 1.1 213 2.0 240 .9162 .3 214 .6 241 1.8163 1.2 188 .2 215 .6 242 .4164 .9 189 .4 243 1 .3
165 1.0 191 1.1 217 1.4166 .5 192 .3 218 .8 244 .3167 2.3 193 .7 219 .7 245 .7168 1.0 194 .4 220 .5 246 .2169 12.3 195 2.5 221 1.0 247 .3<COHT>
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FAN 6003 SPECTRUN 3 RET. TINE * .2
NASS ABUND IMSS ABUND NASS
251 .6 285 .2 354252 .8 355253 2.4 295 3.9254 1.9 296 4.6 356255 1.8 297 1.1 357256 .4 298 .3 358257 .7 299 .2 369
258 .3 309 .9 370259 .4 310 4.3 371268 .2 311 1.8 372265 .5 312 .6266 1.2 313 .2 384267 52.1 385268 11.8 323 .2 386269 3.2 324 1.7 >PAUSE270 .5 325 .5271 .8 326 .2327 .3
272 .2273 .2 338 .2279 .3 339 .2288 .3 341 1.8
281 3.0282 .9 342 .9283 .6 343 .5284 .2 344 .2














Mass Spectra No. 8 
Cycloheptane-1,3-dione
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
M.W.-I26









FRH 6008 SPECTRUH 291 RET. TIHE ■ 7.2
HASS ABUNII HASS ABUMD HASS ABUNB HASS ABUND
40 4.6 66 1.1 93 .2 124 .268 35.0 94 .2 125 .4
41 15.3 69 16.7t 95 .4 126 60.842 19.9 70 69.5) 96 .6 127 4.243 7.8 71 5.0 97 34.2 128 .744 2.7 72 1.1 98 100.8 129 .2
45 3.4 73 13.3 99 6.174 .S 100 .8 133 .3
48 .2 75 1.0 101 .5 135 .2
49 .4 102 .4
50 1.6 76 .3 103 .8 147 .2
51 2.2 77 1.8 >PAUSE
52 1.1 78 .3 104 .2
53 4.1 79 5.3 105 .2
54 3.0 80 2.S 107 .2
55 76.3 81 3.7* 108 .356 45.8 82 1.1 109 .257 4.6 83 50.E 110 .2
58 3.8 84 31.4 111 .459 1.2 85 2.S 112 .3
60 .8 86 .7t 113 .2
61 .4 87 l.E 114 .488 .8 115 .2
62 .4 89 1.8 116 .2
63 .3 117 .264 .2 SS .2>
>65 1.0 91 .2■ 119 .2
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Mass Spectra No. 9 
Cyclononane-1,3-dione
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
< w 6 <CV A
fRN 6069 LARCST 4: LUST 4:
SPECTRUM 5F§
84.1, 73.8 153.1, .2
Detention time 
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FRN 6889 SPECTRUM 378 RET. TIME * 9.3
MOSS RBUHD MRSS RBUHD m s s RBUHD m ss RBUHD
48 6.4 68 188.8 96 6.8 128 .241 36.9 69 62.8 97 64.842 33.1 78 29.1 98 26.4 135 .843 15.5 71 14.4 99 1.7 136 9.144 .9 72 4.7 188 1.4 137 1.845 .7 73 1.3 181 .2 139 1.274 .3 182 .1 148 .2
49 .1 75 .1 183 .1 142 .258 1.6 7651 2.2 .1 185 .1 153 .2
52 1.5 77 3.3 187 1.3 154 3.153 8.6 78 1.2 188 13.3 155 .354 4.4 79 11.8 189 2.6 >PRUSE55 67.7 88 2.6 118 1.856 33.1 81 6.7 111 35.457 5.9 82 18.1 112 15.858 12.4 83 64.1 113 2.759 2.2 84 73.8 114 .268 .1 85 7.1 117 .161 .2 86 .887 .2 118 .2
62 .3 91 121 3.263 .5 2.8 122 .364 .2 92 1.1 123 .165 2.8 93 8.2 125 2.466 3.3 94 22.2 126 28.667 27.6 95 8.6 127 1.2
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Mass Spectra No. 10
Cyclodecane-1,3-dione
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M.W.= I 6 8





55.2, 58.8 168.8, .9
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FRN 6010 SPECTRUH 473 RET. TIME ■ 11.5
hrss RBUHD HRSS RBUHD HRSS RBUHD HRSS RBUHD
40 5.0 67 35.7 96 6.2 127 .341 28.8 68 17.7 97 53.9 131 .142 26.4 69 32.1 98 100.043 12.4 70 27.0 99 6.7 132 .644 .7 71 18.7 100 2.1 133 .245 .5 72 5.4 101 .3 135 3.973 1.0 103 .1 136 .548 .4 74 .2 139 .949 .1 75 .1 104 .2 140 2.950 .7 77 105 .3 141 .251 1.7 3.4 106 .752 1.1 78 1.0 107 4.1 149 .753 7.6 79 9.6 108 19.3 150 7.054 5.4 88 7.2 109 5.0 151 .755 58.8 81 14.1 110 14.5 152 .156 15.4 82 32.1 111 41.6 153 1.657 5.2 83 60.8 112 13.5 154 .258 12.5 84 50.0 113 1.459 2.2 85 6.5 114 .3 167 .160 .2 86 .8 117 .3 168 .961 .1 87 .2 169 .3
91 121 2.9 >PRUSE62 .2 2.2 122 3.263 .4 92 1.4 123 .464 .2 93 11.0 124 .465 2.4 94 3.2 125 9.566 2.5 95 7.8 126 2.5









Mass Spectra No. 11
Cycloundecane-1,3-dione
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1H6
M.W.= I82
! t r h TSSe, LflRCST 4: 
LAST 4:
SPECTRUM RETENTION TIME 7 2  
55.3, 74.6 124.3, 68.6182.3, 5.4 183.2, .7
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spectrupi 4 ret* tihe
MASS ABUND HASS ABUND NASS ABUND HASS
14 3.1 54 13.7 87 .6 12815 2.3 55 74.6 12116 2.8 56 19.8 91 2.1 12217 2.7 58 17.3 92 1.5 12418 6.5 59 2.6 93 9.1 12594 8.4 126
26 .8 63 .5 95 11.1 12727 9.8 65 3.1 96 15.4 12828 33.7 66 2.5 97 82.7 131
29 18.8 67 21.2 98 54.632 7.1 68 28.4 99 6.2 13569 43.7 188 6.4 136
38 .8 78 28.7 181 .8 13739 15.2 71 22.1 13848 5.1 72 9.1 184 .7 13941 37.6 73 1.8 185 1.8 14842 22.4 186 1.6 14143 26.9 77 4.8 187 15.444 5.9 78 1.3 188 5.1 146
45 1.8 79 22.8 189 7.3 14988 23.1 118 4.4 158
48 1.6 81 48.7 111 38.7 15349 .8 82 13.8 112 35.1 15458 .4 83 31.7 113 6.4 155












FAN 7888 SPECTRUM 4 RET. TIME * .2
MASS ABUND
165 1.1167 1.3
182 5.4183 .7 
>PAUSE













Mass Spectra No. 12
Cyclotridecane-1,3-dione
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M.W.= 2I0
frn sees 
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5,rtt;,Kun lb unt * .b
HRSS RBUHD HRSS R1UND HRSS RBUHD HRSS RBUHD
38 .5 67 29.1 96 13.3 123 3.539 10.7 68 12.9 97 108.0 124 7.340 3.9 69 82.3 98 66.3 125 13.941 26.4 70 19.1 99 6.2 126 5.0
42 11.7 71 25.0 100 35.7 128 8.543 12.5 72 3.9 101 3.3 129 .844 .7 73 1.4 102 .4 131 2.745 .8 74 .2
76 104 .6 132 1.848 .3 .3 105 2.5 133 2.356 .4 77 5.6 106 2.0 134 14.451 1.2 78 2.3 107 12.6 135 84.152 1.2 79 19.9 108 13.5 136 12.853 8.5 80 9.1 109 15.5 137 6.054 5.0 81 24.7 110 7.5 138 2.555 44.9 82 11.2 111 32.1 139 7.656 7.6 83 41.6 112 27.0 148 2.157 9.3 84 63.5 113 15.2 141 1.158 9.3 85 27.5 114 10.6 142 2.759 2.2 86 3.4 115 .9 143 .360 .2 87 .8 117 .7 145 1.7
62 .2 91 4.8 118 .4 146 .863 .3 92 4.0 119 2.8 147 .464 .3 93 25.3 120 1.8 148 1.465 3.7 94 12.5 121 5.2 149 18.966 2.8 95 15.2 122 3.2 150 7.8
<C0NT>
t KN 6tftfb SKI
HRSS RBUHD
151 1.8152 15.3153 12.8154 2.9155 .7156 .2159 .7
163 3.5164 1.8
165 .4167 5.0168 1.8169 1.1
174 4.9175 .6177 1.6178 .2181 .8182 1.2
192 8.0193 1.3195 1.4
196 .3
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Mass Spectra No. 13
Bis(cycl odecane-1,3-dlonato)copper(II)




55.3, 46.3 441.2, .4
■'RttMTrarrnir231.1, 45.8453.1, .4
; STS 
397.1, 39.8 455.8, .3
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SIHusI008 SF>ECTRUn 164 RET- t ih e  « 5 .2
NASS ABUND HASS ABUND HASS ABUND HASS ABUND
40 3.8 69 30.1 96 3.3 121 5.141 26.7 70 10.5 97 26.4 122 2.842 14.9 71 9.1 98 38.7 123 2.843 13.2 72 2.1 99 2.9 124 1.844 1.9 73 .9 108 1.4 125 5.345 .7 75 .2 101 .4 126 1.4102 .3 127 .548 .2 77 4.4 103 1.1 128 .558 .6 78 1.1 129 1.251 1.4 79 11.1 104 13.2 130 1.452 .9 88 4.3 105 13.9 131 7.553 6.7 81 15.0 186 5.354 3.1 82 11.8 107 8.8 132 7.755 46.3 83 26.1 188 7.5 133 9.356 7.6 84 21.7 189 3.9 134 6.757 4.3 85 4.0 118 6.2 135 5.158 5.1 86 .5 111 16.9 136 2.559 1.8 87 .3 112 5.3 137 1.268 .3 88 .2 113 1.0 138 .789 .9 114 .3 139 1.062 .3 115 .4 148 1.4«3 5.8 98 .9 116 .6 141 1.864 .4 91 6.8 117 5.8 142 .365 7.7 92 1.8 143 1.566 2.8 93 9.2 118 7.1 144 1.467 28.5 94 2.3 119 3.8 145 18.268 8.7 95 6.7 128 7.2 <CONT>
£P8ust808 SPECTRU" 164 RET. TIHE * 5.2
HASS ABUND HASS ABUND HASS ABUND HASS ABUND
146 9.2 174 4.8 283 5.1 234 .6147 7.2 175 6.4 284 1.8 238 .2148 5.6 176 3.9 285 1.1 239 .4149 4.3 177 3.8 207 .4 241 1.1158 3.7 178 1.0 289 .5 243 2.3151 .8 179 .3 211 1.2152 .4 188 .4 212 .3 244 .6153 1.1 181 .5 213 2.6 245 2.3154 .4 183 .6 214 .4 246 .4
155 .6 185 1.8 215 3.4 247 3.8157 .9 186 .3 248 .7158 .6 187 7.2 216 .9 249 1.7159 8.6 217 2.6 250 .3188 8.2 218 .4 253 .4168 7.2 189 13.5 219 .8 255 .3
161 8.5 198 3.6 221 .5 257 6.3162 3.1 191 4.1 222 .3163 1.9 192 .8 223 .4 258 1.8164 .7 193 .4 225 .4 259 3.3165 .9 195 .3 227 .9 268 .6166 .6 196 .4 228 .4 261 .9167 1.1 197 .5 229 lee.e 269 1.4168 1.4 199 .8 270 .3169 .7 288 .5 230 12.6 271 1.6171 .7 281 9.8 231 45.8
172 1.4 232 7.8 272 .5173 7.2 282 3.1 233 6.1 273 1.2<COHT>
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FRN 6068 SPECTRUM 164 RET. TIME ■ 5.2
MASS ABUND
274 .228! .6283 .4285 .6
287 1.3288 .3289 .7297 .4
299 .4
361 .5309 .3311 .2
315 .6323 .4325 .6327 .4
329 .3333 1.0334 .2335 .2341 .3
343 .2
NASS ABUND MASS ABUND
351 2.8 409 .6352 .6 411 1.6353 2.1354 .5 412 .4355 .4 413 .8414 .2357 .3 425 3.9361 .5369 .9 426 .9427 2.2371 .6 428 .5379 8.5 439 1.0380 1.5381 3.6 440 .3382 .6 441 .4383 .3 453 .4
390 .4 455 .3393 .5 >PAUSE395 .4397 39.8
398 8.0399 18.8400 4.0401 .7407 1.0
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Mass Spectra No. 14 
Bis(eyeloundecane-1,3-dionato)copper(II)






FRN 6009 LRRSST 4: 
LAST 4:
SPECTRUH 92 
243.1,100.0 245.0, 79.7453.0, 2.8 454.1, .7
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rMusI009 SPECTRUM 92 RET- TI"E * 3.6hu
HRSS RBUHD HRSS RBUHD HRSS RBUHD HRSS RBUHD
38 .4 67 12.9 93 7.8 119 5.639 6.4 68 4.7 94 2.8 120 6.848 2.1 69 28.5 95 8.0 121 8.041 17.8 78 5.5 96 4.3 122 3.542 7.8 71 6.8 97 26.4 123 2.243 9.3 72 1.3 98 12.9 124 14.244 1.5 73 .7 99 1.6 125 8.445 .5 74 .3 108 1.9 126 2.175 .2 181 .4 127 .448 .2 102 .5 128 .758 .5 76 .6 129 1.451 1.8 77 3.7 104 12.2 130 1.752 .6 78 .9 105 13.2 131 8.953 4.9 79 11.8 106 5.154 2.5 88 5.8 107 11.3 132 9.555 32.8 81 15.5 108 2.0 133 9.956 4.5 82 3.2 109 3.6 134 5.05? 3.7 83 14.2 110 1.5 135 5.658 2.4 84 17.7 111 11.4 136 2.059 .7 85 4.1 112 6.5 137 1.368 .2 86 .6 113 1.6 138 .361 .2 87 .3 114 .5 139 2.489 1.8 115 .6 140 .963 5.8 116 .5 141 1.064 .3 98 .7 117 6.1 142 .465 5.7 91 7.4 143 1.666 1.2 92 1.2 118 5.9 144 1.2<CONT>
TPBusf009 SPECTRUH 92 RET. TIHE * 3.6
HRSS RBUHD HRSS RBUNS HRSS RBUHD HRSS RBUHD
145 13.1 172 .6 198 .3 226 .3173 8.9 199 1.3 227 1 .6
146 7.1 288 .5 228 . 3147 7.7 174 8.3 281 10.5 229 3.3148 4.6 175 8.5149 3.7 176 5.1 202 5.9 230 .6158 1.8 177 3.4 203 11.7 231 1.2
151 .5 178 .6 204 4.3 232 .3
152 .4 179 .3 205 5.1 233 .4153 1.1 188 .3 206 .7 236 .2154 .8 181 1.5 207 .4 237 .3
155 .7 182 1.3 208 .2 239 .3
156 .3 183 .4 209 .3 241 1.2157 1.2 184 .2 210 .5 242 .5
158 1.8 185 1.0 211 .3 243 100.0159 11.2 186 .4 213 1.1187 7.8 214 .3 244 18.5
168 5.8 215 18.6 245 79.7161 13.3 188 2.8 246 8.2
162 3.9 169 5.8 216 3.3 247 4.1163 4.8 198 1.2 217 6.9 248 .8
164 2.9 191 1.0 218 1.4 252 .2
165 .7 192 .5 219 .6 253 .2167 .7 193 .3 220 .2 255 .6
168 .4 195 .5 221 1.8 256 .3
169 .4 196 .2 223 .4 257 2.9171 .8 197 .8 225 1.3 <CONT>
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FRN 6889 SPECTRUM 92 RET. TIME * 3.6
HRSS R1UNS HRSS RBUHD HRSS RBUHD
258 .4 337 .2 418 .2
259 1.8 421 .2268 .4 351 .2 425 32.4261 1.6 353 .3
262 .3 354 .3 426 7.1263 .5 355 .4 427 14.5269 .4 428 3.9271 4.9 361 .2 429 .5365 .2 435 .5
272 1.8 369 .2 437 .3
273 4.8 439 .9
274 .5 371 .2
275 .3 379 2.7 441 .4281 .2 388 .6 453 2.8
283 .5 381 1.5
285 .7 382 .2 454 .7383 .3 455 1.3
287 .2 456 .3297 .3 389 .5 >PRUSE299 .3 391 .2397 .7
381 .9
383 .3 399 .3487 9.7
315 .2 488 2.4327 .2 489 4.2418 .9
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Mass Spectra No. 15 
Bis (eye lotridecane-1,3-dionato)copper(II)
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M.W.= 482
SPECTRUM 124 97.1,100.8 271.1, 94.7
481.2, 5.9 482.1, 1.5
FRN 6086 LAR6ST 4: 
LAST 4:
RETENTION TINE T7§ 
















srf'EttRUH 1242?i.i, 94.7 481.2, 5.9 482.1, 1.5
teETEHTIOH Tint--- 5TS- —





m i  n r l llll RIII|II1I nil lllllllll lll im p
S2B 548
rPSust®*6 SPECTRUM 124 RET. TIME * 4.8
MASS ABUND HASS ABUND HASS ABUND HASS ABUND
38 .4 66 2.2 91 8.8 117 4.739 6.4 67 26.7 92 4.148 2.5 68 9.4 93 26.7 118 2.641 19.3 69 73.8 94 18.6 119 5.242 5.2 78 11.9 95 19.1 128 4.843 11.3 71 23.9 96 12.2 121 6.9
44 3.8 72 3.6 97 188.8 122 3.245 .9 73 3.7 98 51.7 123 5.974 .6 99 6.7 124 6.3
48 .3 75 .4 188 31.8 125 14.1
58 .5 181 4.6 126 3.2
51 1.2 76 1.8 182 .8 128 6.952 1.1 77 7.8 183 1.1 129 3.2
53 4.9 78 5.9 138 1.854 2.9 79 17.5 184 5.3 131 7.1
55 25.8 88 9.8 185 9.9
56 5.6 81 23.9 186 4.5 132 5.957 6.6 82 12.2 187 12.9 133 8.8
58 5.7 83 32.8 188 12.4 134 14.5
59 1.2 84 68.1 189 13.9 135 68.7
68 1.3 85 22.9 118 8.8 136 12.9
61 .4 86 3.8 111 22.7 137 5.987 1.8 112 26.7 138 2.9
62 .3 88 .5 113 12.4 139 5.5
63 1.8 89 .9 114 9.4 148 2.364 .8 115 1.8 141 1.8
65 4.3 98 .4 116 .7 142 2.4<CONT>
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rPSus!806 SPECTRUF1 124 RET‘ TIHE « 4.8
HRSS RBUHD HRSS RBUHD HRSS RBUHD HRSS RDUHD
143 1.4 168 1.8 195 .9 227 .4144 .7 169 1.2 196 .4 229 3.6145 7.4 170 .3 199 .8171 .6 200 .3 238 .5146 3.2 172 .6 201 5.6 231 2.4147 4.5 173 9.7 232 .8148 2.9 202 1.0 233 1.1149 18.3 174 5.6 203 3.5 236 .3150 6.0 175 8.4 204 .6 241 .5151 2.5 176 1.8 205 1.1 242 .3
152 10.4 177 3.7 207 .7 243 4.0
153 i i .5 178 .5 208 .5154 2.1 179 .4 209 2.4 244 1.8155 1.3 181 1.2 210 13.8 245 2.7156 .5 182 .8 211 1.8 246 .4157 1.3 183 .5 212 .3 253 .8158 .5 185 1.1 213 1.1 254 .3159 6.4 186 .3 214 .3 255 .6187 3.1 215 2.1 256 .6
160 3.1 257 1.9161 5.9 188 1.7 216 .9162 2.0 189 4.0 217 1.7 259 .7163 3.8 190 .8 218 .4 269 1.8164 2.1 191 1.1 219 .4 270 .6165 .7 192 6.9 220 .3 271 94.7
166 .4 193 1.2 221 .3167 3.2 194 .4 225 .4 272 21.2<C0NT>
ERN 6886 SPI
HRSS RBUHD









124 RET. TINE - 4.8

























Mass Spectra No. 16 
Tetrakis(trimethylsiyloxy)cycloeicosadiene









fF N  f e e :  ^FECTpun 1 p e t e n t : o n  t i m e  1 .2
4 :  7 2 . 1 , 1 0 0 . 0  1 4 7 . 1  . s e . « 1 4 £ . 1 ,  1 2 . 0  6 2 8 . 6 ,  1 0 . ?
LttCT 4 :  6 2 ? . 5 .  8 . 5  6 3 8 . 5 ,  4 . 9  6 3 1 . 6 ,  1 . 2  6 3 2 . 6 ,  .3
Pft&E 1 Y = 1 . 0 0
86
irtHitn minn^rtiliiV iiiliiiii'ilitiii'ru i' 




t»H  H IM  .:e6 '1 20













TTTtlTTTT T r r r y » ' m  • i - i r " " ins a  is1,TTTT
40
I S i .
, | 0 S !  SPEC tpup : i RET.  TINE 1.2
r i G : : AEUNE NA3C AEUNE NASS ab un e MACS abune
17 .1 73 10 0 .0 100 4 . 1 126
18 .4 74 7 . 9 181 1 .8 127 .8
75 5 . 7 102 , £ 128 .6^ “• .1 103 1 . 4 129 5 . 5
2 9 .0 7 6 . 9 136 , •?
77 1 .0 104 .4 131 4 . 0
39 '2 79 1.6 105 2 . 2
41 .4 86 . 5 106 • c* 132 1 .4
42 81 3.9 107 1.1 122 9 . 4
43 1 .0 82 . 5 108 .5 134 1 .3
45 1 .6 83 1.1 109 1 . 3 135 1 .0
46 .1 84 . 9 110 136
47 85 1.2 111 ,Q 137 .6
86 .3 112 . 5 138 1 .3
5 3 .2 87 .3 113 .5 139 • -■
55 1.1 88 .2 115 1.0 140
56 .1 89 .1 116 .4 141 i .1
5 7 .9 117 2.1 142 .8
59 .4 91 .9 143 9 . 0
60 .4 92 . 5 118 .4 144 1 .4
93 2.0 119 1.3 145 2.0
65 .0 94 .3 128 .5
67 1.8 95 2.2 121 .9 147 5 0 . 9
68 .3 96 .5 122 . 4 148 12.0
69 1.7 97 1.2 123 . 2 149 1 0 . 3
70 . 7 98 1 . 7 124 .3 150 1 .0
71 .6 99 .7 125 1.2 151 1 .0
\CONT>
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£|Susi0B1 “PECTRUM 1 RET‘ TInE: ■ 1*2
PIASS ABUNB nncs ABUND HASS ABUND nass ABUNB
152 .2 181 1.1 211 .2 243 1.6
153 .8 182 .4 212 .1
154 .5 183 1.3 213 .3 244 m c
155 4.6 184 .5 215 .9 245 0
155 2.2 185 .8 251 .2
157 2.1 186 .1 216 .2 255 .9
158 .4 187 .3 217 1.2 256 .2
159 .5 218 .9 257 .8189 .3 219 .6
160 .2 191 1.9 22G .2 258 .2
161 .4 192 .4 221 .9 259 .2
163 • 3 193 .5 222 .2 260 .1
165 .8 194 .2 ^ .7 £67
166 .6 195 • { 2*5 .4 268 ?•
167 1.7 196 > 3 226 .1 269 • %»'
168 .7 197 .8 227 .3 270 • 2
169 3.5 198 .2 228 .1 271 • i>
170 .8 199 .4 229 .4
171 .8 201 .3 279 ■ 3
172 ■ 2 231 2.6 285 ■ if
173 1.1 202 .2 232 .4203 .3 233 .3 299 A• if
175 204 .2 235 .2
176 . 2 205 • ■if 237 .2 307
177 • 6 207 .5 239 .2 313 !4
179 206 .2 241 .2
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Mass Spectra No. 17 
Cycloelcosane-1,3,11,13-tetraone
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SPECTRUMFRN 6668 'LRRGST 4: 






•w 44̂ IM mi'ml llll̂tH'tlll|1111'
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169
r pgus| i3 S  SPECTRUM 1 RET. TIKE *  .8PAUSE •  V
NASS ABUNB NASS ABUNB NASS ABUNB NASS ABUNB
IS .2 61 .5 88 .3 114 2.489 .4 115 .32? 3.2 63 .6 116 1.028 .7 65 2.7 91 3.2 117 1.929 8.5 66 1.7 92 2.538 .3 67 18.0 93 10.1 118 .531 .9 68 6.9 94 3.9 119 5.569 108.0 95 8.4 120 2.339 4.9 70 9.2 96 5.1 121 6.740 1.7 71 14.6 97 65.2 122 4.041 26.4 72 1.4 98 22.7 123 8.642 8.2 73 1.0 99 6.7 124 6.643 28.2 74 .4 100 24.1 125 22.644 .8 75 .1 101 2.3 126 7.245 .9 102 .2 127 7.37 6 .3 103 .4 128 2.348 .4 77 4.3 129 -9•  I'51 .3 78 .8 164 .9 130 1.352 c•  V 79 10.5 105 3.3 131 2.453 7.8 80 5.1 186 4.754 2.6 81 20.2 107 11.5 132 3.955 52.3 82 7.2 108 9.3 133 5.756 7.5 83 26.9 109 10.6 134 6.05? 9.9 84 38.6 110 4.9 135 10.656 4.8 85 40.1 111 28.7 136 4.6Sa 1.5 66 2.2 112 14.6 137 4.166 .5 87 ?  •  I 113 14.1 138 3.6CONT>
*• • *r* t **wr =
*ia:: as us: IS* I AJ-Jt: : A I-U*<
1:9 r . : 2:4 2 i 2?? 2 t 2 1 71 “ 0 :■ . 1 * ': • r 4 to: •»: :•. ? 1st 1 ? 1 2 t 2 2 5It" " .4 2 ?2 4 ~ : < “
i 4" 2 5 c- 4 0 2 r* ;• 4  ̂1 :T J* 4 21 T 4; ? 2 r** i * * 4 w *•
W 5 :> 'I*' 7 :■ jir «* *• o •: *: O
‘I: 2 4 1 ?5 2 i»  ̂2 2 2 •1 4 6 1 . : 2 n 2 ?~ -■ 22214" 4.1 i ; : 1 ?: T* 2 2 • £ .
143 a.: 1 Si 224 1 •
1 -9 14.0 :*4 1 .5 200 c 2 2 r 2 .
151 6 ! 5 2 75
4 * • 0 2 2 7
132 '5 2 2.4 201'tc* ■;; T 2": 2 0 2 2 22?
• 'z 4 i ' 1 "9 2 : 2042 r c *• - 1 £0 7 205 14 2 220
156 1 '.3 i : < 7.4 205 1 - toil1 t ' ■ 7* 2:2  ̂« 207 4 5 2 2 21 ~ “■ 2 : ; 2 .6 SOS1C3 2.4 1:4 : -4 20? 1 2242 : c 3 210 1 : : ■. c 1
21 0 . r 4 T - 4 22 1 * to 7 2 75
11: i . k i s r « 1 212 * •: :• i’ ̂ 5*,
m 2 2 2 r ?to w i •
2.5 « c : = 214 5 ” 2 y 2 .

























265 2.8 £92 z>
£66 • 4 293 2 Q
267 294 1 5
£63 .4 £95 *?
£71 .4 £96
272 1.3 380 6 1'
2 7 3 . 4 381 1 9274 c 38£ 3
275 1.7 30 ft £ 0
276 0V 304 c
277 .4 305 2
■i 386 2
~'7? *1 c 387 1 1
2se 308 4
221 £.4 30?
•ICC .5 310 2
2 2 2 .4
£34 £ 314 3:■ :r .4 318 13 S
319 ■?
286 , j,’ 320 1 3
2' 2 7 ( ft ft i :•
■'2 % 7; 7.-. 7
■ * ft ft ft 7
2?*J 1 .2 324 2
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Mass Spectra No. 18 
(Cycloeicosane-1, 3,11,13-tetraonato)copper(II)





( C H ^  C
^ V C
(CH2)7 
M.W.= 3 9 8
FES §551' LRRCST 4: 
LAST 4:
TERTEuh 2 9 3 —
399.2, 58.5
425.2, 6.9
' ftgTeSTW T I BC69.0, 56.7 
426.2, 1.7
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SMusi**®SPECTRU" 253 RET. TIKE • 8.6
m ss ABUNB m s s ABUND mss ABUND MASS ABUND
39 5.9 69 56.7 96 4.6 121 6.1
48 3.8 76 6.5 97 27.3 122 2.941 23.4 71 8.4 98 8.9 123 4.642 7.7 72 1.4 99 3.3 124 2.8
43 21.9 73 6.5 166 8.8 125 9.644 36.5 74 2.2 181 2.1 126 2.9
45 4.3 162 1.3 127 4.876 1.7 183 1.6 128 3.5
56 1.2 77 6.9 129 7.251 1.6 78 2.4 184 14.8 136 3.152 1.8 79 8.5 185 14.7 131 6.7
53 4.8 86 2.5 186 7.254 4.8 81 14.2 167 18.2 132 6.855 36.7 82 4.9 188 4.1 133 18.356 7.6 83 12.7 189 5.8 134 5.357 9.6 84 16.1 116 2.9 135 6.758 3.4 85 17.7 111 16.8 136 2.959 1.6 86 2.7 112 6.2 137 3.666 2.4 87 2.3 113 4.9 138 3.4
61 1.8 89 1.3 114 1.3 139 4.6115 2.7 146 2.163 8.3 96 1.5 116 2.1 141 4.364 1.4 91 8.7 117 7.5 142 1.765 8.7 92 3.1 143 3.5
66 1.6 93 7.1 118 3.8 144 1.967 11.6 94 2.4 119 6.7 145 11.768 6.3 95 6.6 126 4.2 <CONT>
r wu s£668 SPECTRUM 293 RET. TIHE * 8.6
HASS ABUND m s s ABUND mss ABUND HASS ABUND
146 6.1 172 1.6 199 3.4 233 1.8147 9.2 173 7.1 266 1.8 235 1.2148 6.5 174 261 9.5 237 3.2149 18.6 4.6 239 1.6156 5.2 175 9.2 282 2.8 241 2.6151 4.3 176 3.6 263 12.1 243 2.9152 3.8 177 5.2 284 2.7153 14.3 178 1.3 285 5.2 244 1.2154 2.1 179 1.9 287 2.1 245 4.9155 2.8 186 1.2 269 1.3 247 4.4156 1.5 181 2.9 211 4.5 251 1.2157 3.3 182 1.6 213 4.6 255 1.9158 2.6 183 2.2 214 1.2 257 2.1159 18.2 184 1.7 215 8.8185 4.5 259 2.3168 4.6 186 1.7 216 1.4 261 1.9161 11.1 187 18.1 217 4.8 265 1.3162 3.8 219 1.5 271 1.7163 3.7 188 2.6 223 2.9164 2.8 189 8.3 225 2.6 273 2.3165 3.1 198 2.1 227 4.1 275 1.5166 2.1 191 3.4 228 1.2 281 1.3167 3.9 192 2.2 229 9.6 283 1.3168 2.6 193 2.1169 15.7 195 6.1 238 1.6 299 2.8176 2.6 196 1.4 231 6.3171 3.8 197 2.8 232 1.5 386 1.9<CONT>
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FRH 6908 SPECTRUH 293 RET. TINE » t.0
NASS ABUNB
391 1.2






378 1.3371 2.9379 4.6388 1.2381 2.5
397 188.8
398 27.3399 58.5488 12.8481 1.7
NASS ABUNB
411 5.2
412 1.3413 1.8425 6.9
426 1.7427 2.9>PAUSE
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if
Mass Spectra No. 19 
(Cyclodocosane-1,3jl2,l^-tetraonato)copper(II)




M.W. = 4 2 6
40_;
i
^  III' i i ■ ■ i■ 111711 ili'i11n i,r«|*‘t| 'in|H"'M I" iiii‘'^jjlil! |iill‘l«''m i|tH )1'llil*






 ̂ M l W 1! ) ! ! * ! ! * * * ! ! ! ! ! !  * ■ 111 H  I I l H  1111* I i 4 * « l «   * l |  i M i r ^  11 |1  ■ I M | t l  I 1*1 >11 l* H  ' 1 1 M 111 i t l  ‘ l l  11 | l  111 M i l  111111 11
_____________ l j ® ________ 2 0 0  2 2 0 _ _ __ __ __ 2 4 0 ________ 2 6 ® _______ 2 6 0  1 2 0 0
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Nto SI 22LARCST 41 
LAST 41
  5FKTRDS i-----------
425.3,iee.e 42?.3, 47.8439.4, 4.9 448.4, 1.4
^CTC mTIOh TlnE
426.4, 21.7441.4, 2.4

























r 7 100 
101
: 04 105 1 Ot-
e * .  - : « e = 4 . 2
-i j n : ma :  2 a i  j n: i a : : a  i  j n :
1 . 5 1 0 7 *■ £ m . C 1 25 1 . 5
1 0 8 1 . 0 1 ” 7 1 . 2
. 9 1 0 9 1 ? 1 2 3 1 . 5
. 3 1 1 0 1 2?* i 111 2 . 5 14 0 . 9
: ! ? 1 1 2 2 . 8 141 2 . 5
5 . 8 1 1 2 •! T 1 4 2 1 . 5
. 8 1 1 7 2 . 4 1 4 5 •
2 . 9
4 . ? 11 S' : . 0 14 5 *1 • H
6 .2' 11 ° 2  2 14 7 •'
1 2 u 2 .  * 1 4 8 : r*
^ • 2 1 2 1 ** w 151 T 1 2
. 3 1 2 2 1 . 5 15 2 1 . 2
2 . 1 1 2 2 . 8 15 2 1 .4
1 . 4 1 2 4 1 . 7 1 cr 1 . 2
2 . 5 1 2 5 5 . 1 15 7 1 . ~
. 9 1 2 6 . i 15? «i • c
1 2 . 2 1 2 8 1 . 0
2 . 5 1 2 ? 1 , l 1 6 0 •I. a *1
.5 1 2 0 1 .4 161
4  . 7 131 4.4 162 2.0
1 . 3 163 1 .?
1 3 2 1 .4 1 6 4 1
4 .0 132 3.0 1 6 5 1 .9
1 24 1 .6 1 6 6 1 .1
2! 1 1 3 5 2 . 4 1 5 7 3 . 1: ont















1 9 5  
1 * 7  19?2 01
202 
2 0 2 584
fiEUNE
4 ••1 * w
1.4 1 • «i
i . 7t' ■ & 
1.8  





(1 1 R E ' .  ' IM E = 8 . 2
MASS AEUNE MASS AEUNI MASS





257 1 . 7 329
211 1 . 0 259 2 .0 3 3 ?*■ 1 *: 1 ,1 26  i 1 . 7 341




215 1 . 0 265 2.1 ;’4 !
1 1 ? c* fc 266 1.8 354
218 . 9 267 1.2 355





271 1 . 4 361
264
227 # 9 i! 7 3 1.0 365
2 29 3 . 3 27E
27 ?
1 .0  
1.2 379
230 2 2? 1 19 39  ̂t- 1
1 .*3
2 v5 1.2 383
241 1 .2 r. 1 . 4 38 9
243 3 .6 239 1.2 39 7
244
245
1 .0  
2 . 4
4 1 . 4
3 9 9
247 1 .2 315 1 .0 40 0
24 ?
251
1 .0  
1 ■ 4
32 R 1.2 4 0 "
40  ; ^
AEUNE
4.1
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